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Safety Information

A\

IMPORTANT INFORMATION in this manual
Information easily overlooked—please read carefully.

Warning Symbols on labels

<

N
N/

/N

/A\ CAUTION

This instrument produces X-rays when energized. Do not insert any
part of the body when energized— X-ray hazard.

A\ CAUTION/ATTENTION
This equipment produces high intensity X-ray radiation when
energized. To be operated only by qualified personnel. (Canadian

/N\ WARNING

This instrument contains hazardous voltages.

Voltage or current hazard sufficient to cause shock, burn or death.
Disconnect and lockout power before servicing.

China RoHS (Restriction of Hazardous Substances) pollution control
logo. Indicates a 50 year EFUP (Environmentally friendly use period of
the product).

A\ cAUTION
Beryllium present. Avoid contact. Can cause health problems.

Instruction to read the user manual.

INSTRUMENTS P
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Other warning symbols used in this manual

Toxic substance. Hazardous to life.

/ CAUTION

This instrument weighs approximately 43 kg (95 Ibs).
Move it with care. At least two (2) people should be
available to move or handle it.

All servicing to this equipment must be done by an Oxford Instruments trained
engineer. Use of controls or adjustments of performance or procedures other
than those specified herein is not permitted.

If the equipment is used in a manner not specified by the manufacturer, the
protection provided by the equipment might be impaired.

The Business of Science™
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Radiation safety

The X-Supreme contains one small X-ray tube housed in a fully shielded and
interlocked radiation enclosure. A radiation warning light, on each side of the
instrument, indicates when X-rays are being generated inside this enclosure. Failure
of any of the interlocks to the enclosure immediately shuts off X-ray power.

A full radiation safety assessment has been carried out by an independent Radiation
Protection Advisor. This assessment included a survey of the radiation dose rates at
the exterior surface of the instrument carried out at maximum X-ray power (30 kV,
100 pA). The survey reported that during normal operation there are no accessible
radiation dose rate levels above 0.5 puSv/hr (0.05 mrem/hr). The unit can be operated
like any other piece of laboratory equipment, and users do not need to wear
personal radiation dosimeters.

To maintain this level of safety, any servicing required, within the instrument,
must be carried out by an Oxford Instruments-trained service engineer.

The following sections contain further details relating to the radiation safety of the
instrument.

Notification

X-ray equipment is federally regulated in Canada under the Radiation Emitting
Devices (RED) Act and companion regulations. The X-Supreme is subject to Part XIV
of Schedule II of the RED Regulations.

Oxford Instruments will notify the Canadian Radiation Authority of the sale of each X
-Supreme with details of the customer’s name, address and telephone number.
Canadian customers should contact the radiation protection authority that has
jurisdiction of the facility in which the X-ray system (X-Supreme) will be in use in
order to comply with the appropriate federal/provincial/territorial rules of operation,
given that such rules differ from one jurisdiction to another.

The Business of Science™
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Simple rules should be in place for the use of the equipment i.e.

B Users must be familiar with the operating instructions contained within
this manual.

«  Users must not try to gain access to the radiation enclosure.

. Users must contact Oxford Instruments if any damage to the enclosure
occurs.

. The instrument must be serviced regularly by an Oxford Instruments
appointed service engineer.

Users should contact their local Oxford Instruments representative for specific
advice.

Principals of radiation protection

The principal of radiation protection is to protect workers and the general public
from radiation exposure, to minimize radiation hazard, and to maintain radiation
exposure to As Low As Reasonably Achievable (ALARA).

There are three standard ways to limit exposure:

Time: radiation exposure can be reduced by minimizing the time of exposure.

Distance: distance is a simple and very effective way of dose reduction. If a distance

between a person and a source of radiation is doubled then the exposure rate is
decreased by a factor of 4. This is called the "Inverse Square Law".

Shielding: shielding is to place a material which will interact with radiation between a

source and a person (or location of interest) to reduce exposure. Shielding material

selection is dependant on the type and energy of radiation. X-rays require a high
density material such as steel or lead.

Safety features

The principles of radiation protection described in the previous section have been
incorporated into the design on the X-Supreme. Engineering controls and design
features have been put in place to ensure safe operation of the device.

X-rays are produced from an X-ray tube manufactured by the X-ray Technology
Group of Oxford Instruments. The X-ray tube is operated with positive anode
(target) and a grounded filament. The target material is either titanium, palladium,

The Business of Science™ OXFORD|
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The hot filament emits electrons which are accelerated into the anode where X-rays
are then generated (see appendix B for a description of characteristic X-ray
emission). The tube is encased with silicon rubber and as such is not radiation
shielded. X-rays generated within the tube are emitted through the beryllium exit
window. At higher anode voltages some X-rays are emitted through the glass/
rubber body of the tube. The X-ray tubes are contained within a fully shielded and
interlocked radiation enclosure.

The top section of the radiation enclosure is formed by the metal lid that is opened
by the operator for sample loading (Figure 1.1). The lid is fitted with two safety
switches which prevent the X-ray tube from operating unless it is closed. The
primary interlock is the safety switch at the front of the lid shown in Figure 1.3. An
additional safety switch with a roller actuator is fitted at the rear of the lid and is
shown in Figure 1.4,

The bottom cover of the radiation enclosure (underneath the instrument) is locked
and keys are only provided to suitably qualified and trained service personnel. The
radiation enclosure therefore prevents direct access to the tube, increasing the
distance between the operator and the source of X-rays, and the shielding material
attenuates the stray radiation.

X-ray tubes are widely used in XRF analysers but these usually operate at higher
potentials and power than on the X-Supreme and often remain energised between
measurements to maintain instrument stability. A consequence of using a low power
tube in the X-Supreme is it can be switched off when not needed, a condition which
obviously gives zero external dose rate. This minimises the time of any exposure.

There is a key activated control at the front of the instrument (Figure 1.5) which
prevents X-ray production when the key is removed or in the disable position.

The operator has a visual identification of the generation of X-rays within the
instrument by two LED panel warning lamps on the top cover (Figure 1.1).

The Business of Science™
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Figure 1.2 ‘Power On’ light

Figure 1.4 Rear safery switch {!rd)

F:gure 1.3 Front safety switch {fld)
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Figure 1.5 Key switch to enable or disable the generation of X-rays.

The Business of Science™
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Biological effects of ionising radiation

Ionising radiation consists of subatomic particles or electromagnetic waves that are
energetic enough to detach electrons from atoms or molecules, ionising them. The
negatively-charged electrons and positively charged ions created by ionising
radiation may cause damage in living tissue.

The biological effects of radiation are thought of in terms of their effects on living
cells. For low levels of radiation, the biological effects are so small they may not be
detected.

The body repairs many types of radiation and chemical damage. Biological effects of
radiation on living cells may result in a variety of outcomes, including:

1. Injured or damaged cells repair themselves, resulting in no residual
damage.

2. Cells die, much like millions of body cells do every day, being replaced
through normal biological processes.

3. Cells incorrectly repair themselves resulting in a mutation. This mutation
may contribute to the formation of a disease or diseases such as cancer.

Natural and artificial radiation sources are similar in their effects on matter. The
worldwide average background dose for a human being is about 2.4 mSv per year
(Report of the United Nations Scientific Committee on the Effects of Atomic
Radiation to the General Assembly, 2000) which corresponds to an average dose
rate of approximately 0.3 pSv/hr. This exposure is mostly from cosmic radiation and
natural radionuclide in the environment.

Applicable dose rate limit
The 1990 Recommendations of the International Commission on Radiological

Protection (ICRP) have been widely adopted by countries around the world. These
specify an annual effective dose limit of 1 mSv for members of the public.

The Sievert and the rem (roentgen equivalent for man) are units of dose equivalent.
1 Sv = 100 rem
The dose equivalent is the product of the amount of energy deposited (J/Kg) and a

radiation weighting factor which depends on the type of radiation. For example, for
X-rays the weighting factor is equal to 1, for alpha particles the weighting factor is

The Business of Science™
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Radiation survey of the X-Supreme

An independent radiation safety assessment has been conducted by a Radiation
Protection Advisor from the Health Protection Agency (HPA) in the UK. A total of
three radiation surveys were carried out on three instruments, each fitted with either
a titanium, palladium or tungsten target X-ray tube operating at full power (30 kV,
100 pA). Dose rate measurements were carried out with the measurement probe in
contact with the surface of the instruments, i.e. 0 cm distance from the instrument to
the radiation monitoring probe.

Measurements of radiation dose rate were made around the X-Supreme using a
Mini Instruments 900 D (H*10) (S/N 35567). The 900 D is an end window energy
compensated Geiger Muller dose rate meter which is scaled over the range 0.5 to
1000 pSv/hr (0.05 to 100 mR/hr). Its response is maintained down to X-ray energies
of at least 17 keV. A Mini Instruments 900 fitted with a 44B scintillation probe (S/N
E0000596) capable of responding to X-rays at or above 5 keV was used as a search
instrument to detect any elevated dose rate around the unit. All radiation
monitoring instruments used by the HPA are tested by a United Kingdom
Accreditation Service (UKAS) accredited calibration facility and the measurements
are directly traceable to national standards. The UKAS is the sole national
accreditation body recognised by government to assess, against internationally
agreed standards, organisations that provide certification, testing, inspection and
calibration services.

The dose rates measured at all accessible exterior and interior areas of the
instruments were less than 0.5 pSv/hr.

The low level of stray radiation emission from the X-Supreme means any dose
received by the instrument operator will be below the ICRP annual dose rate limit of
1 mSv under all foreseeable circumstances.

The Business of Science™
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CE marking

C€

The X-Supreme system conforms with the appropriate EEC
device directive for this type of instrument and has been subject
to the conformity assurance procedures laid down in the Council
Directive.
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Safety systems

Electrical safety

/N

The X-Supreme unit incorporates high and low voltage power supplies. It is not
necessary to remove the covers during routine use, and the instrument should never
be operated with its outer case removed.

Never assume that this equipment is isolated from the mains. Always check
that the mains cord is disconnected from the mains supply.

Service work should only be carried out by trained engineers.

Safety and electrical compliance

The X-Supreme has been designed in accordance with IEC1010 (‘'Safety
requirements for electrical equipment for measurement, control and laboratory use,
Part 1'), which encompasses the European Low Voltage Directive. The instrument
must be correctly installed and used, by trained personnel, only for the purposes
described in this manual.

If you have any doubts about the installation or use of this instrument, contact
either Oxford Instruments Analytical or your local Oxford Instruments
representative.

The Business of Science™
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Toxic materials

b

—

-
%2:3
—

The X-ray tube windows and detector windows are made from pure beryllium.
Under normal circumstances the windows are not considered to be harmful.
However, if they become damaged in any way there is potentially an increased risk
of contact with the beryllium. Inhalation of beryllium dust is harmful. In the event of
a beryllium window becoming damaged, IMMEDIATELY CONTACT Oxford
Instruments Analytical or your local Oxford Instruments representative for advice.

AL

Always avoid contact with the X-ray tube and detector windows. These are very
fragile and breakages are expensive as well as potentially harmful. Whenever
possible use secondary safety windows in the tray for added protection.

Do not attempt to clean the beryllium windows following sample breakage or
spillage. Contact Oxford Instruments Analytical or your local Oxford Instruments
representative for advice.

Safety with samples

Always handle samples in accordance with the appropriate published Oxford
Instruments method sheets and normal safety guidelines. If in doubt about the
suitability of a sample for analysis, refer to the material safety data sheet.
Exercise caution when handling and analysing samples that give off flammable
vapours

This equipment is not designed to be used in explosive atmospheres.

Spillage

Spillage on the outer surface of the X-Supreme can be wiped off using a dry or
damp cloth. Do not use organic solvents.

If liquid is spilled from a sample cell, first check whether the liquid has been retained
within the secondary (safety) window cell. If so, remove the liquid and replace the
secondary window film.

If there is any possibility that liquid has seeped into the interior of the unit,
isolate the instrument from the mains supply immediately and contact the
customer support department at Oxford Instruments Analytical or your local
Oxford Instruments service representative.

The Business of Science™
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Fuse replacement

WARNING

The only replaceable fuse is in the plug (UK) and this could go open circuit in the
event of an electrical fault. The fuse is easy to remove and replace using another of
the same rating.

Unpacking the instrument

AN

The X-Supreme is shipped in a single large box, and the contents of the shipment
are listed in the shipping documentation. KEEP ALL PACKAGING. This will be re-
quired if it is necessary to return the instrument.

Warning: the instrument weighs approximately 43Kg /95 Ibs and should be lifted
by at least two people.

Remove the upper section of the packing.

® Carefully extract the instrument.

. Position the instrument on a suitable bench away from direct  sunlight.

B Position the instrument so that the power cord is readily available for
disconnection.

e Inspect for any visible damage. Inform your Oxford Instruments
representative if damage is seen.

B Check all content against packing list. The accessories provided, will be

packed separately and will vary with customer specification.

The Business of Science™ OXFORD
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Prior to Installation
Operating conditions
Temperature The temperature range which produces optimum
performance of the X-Supreme is 10°C to 35°C.
Humidity 15% to 80% non condensing.
Maximum Altitude 2000 metres
Storage Temperature -30°Cto 50° C
Power requirements 85 to 264 V AC
47—63 Hz
400 VA max

Power conditioners

Power conditioners are recommended to provide maximum stability of the input
voltage. Power conditioners should be specified in conjunction with your Oxford
Instruments representative and according to local power conditions.

Bench requirements
The X-Supreme has the following external dimensions:
«  Height: 575 mm (23") at maximum height of lid and monitor.

i Width : 784 mm ( 31")
. Depth : 604 mm ( 24")

Note: A minimum bench width of 1140mm (45") and a minimum height allowance of 1020mm
(45*) is recommended.

Installation

An Oxford Instruments representative will normally install and connect the
instrument and carry out the basic functional checks necessary to ensure that the
system is performing satisfactorily. The remainder of this manual assumes that this
has already been done.

Note: It is required that the instrument has been powered up for at least 2 hours before the
first measurement is taken.

The Business of Science™ OXK
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Introduction to the X-Supreme

X-rays ON/OFF

Press in to
open lid

PC and
monitor

Integrated keyboard
with dedicated STOP/

START buttons. e
Instrument ’

tray—up to ten
(10) samples
may be loaded

iup.*.
i

Ekﬁ

External ON/OFF switch and Mains
mains supply connector. Power ON
light

The instrument is identified by modei and serial numbers located on plates at the
rear of the instrument. Any enquiries and correspondence relating to the instrument
must quote these numbers.

The Business of Science™ FORD H
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External connections

USB (Universal Serial bus) 3 off
Ethernet connector (RJ45) 1 off

The X-Supreme is shipped with a USB mouse. USB ports are located in the
underside and side of the PC/Monitor (Figure 2.1).

Additional items may include a printer or a separate keyboard. These all have USB
connectors. If customers wish to connect more than three USB devices to the
instrument at the same time, they will need to add an externally powered USB hub.

Note 1: Where customers use their own peripherals — printer, keyboard, CD read/
writer, label printer — in conjunction with the X-Supreme unit, they need to specify
USB connections and follow the relevant manufacturers’ instructions.

Oxford Instruments is not responsible for problems arising from or with such
equipment fitted by users.

The Business of Science™ OXFORD B
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General operation / Switching ON / OFF

Figure 2.1 The mains input socket is at the rear of the Canadian Control
Module (shown towards the left of the image)

The mains power cable connects to the input at the rear of the Canadian Control
Module (Figure 2.1 and Figure 1.6). A cable connects the control module to the
input of the X-Supreme at the rear of the unit, shown on the right of Figure 2.2. A
panel fixed to the base of the X-Supreme by tamper proof screws prevents this

Figure 2.2 On / Off switch

The Business of Science™ OXFORD §
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Two ON/OFF switches are used to power the spectrometer ON and OFF. The first
switch is located at the back of the spectrometer on the right-hand side (Figure 2.2).
The ‘0" position is the OFF position and the ‘I' position is the ON position. A second
power ON/OFF button is located on the control panel (Figure 1.6). Both switches
must be ON for power to be applied to the X-Supreme.

Once the X-Supreme has been correctly connected to the mains supply, set the
switch at the rear of the instrument (Figure 2.2) to the ON position (I) and then press
ON/OFF button on the control panel (Figure 1.6) once to provide power to the
spectrometer and its computer. When the spectrometer and computer are switched
on, the green light (‘Power’ LED - see Figure 1.2) at the front of the instrument is lit.
At this point, Windows and the X-Supreme software will automatically be loaded,
and a Password Login dialog box will appear on the screen (Figure 2.3).

Note: If the ‘Power’ LED does not light, i.e. power is not supplied to the instrument,
check the Emergency Stop button is not in the down position.

User name IME‘"E‘QE” LI

FPassword ||

Press ALT and TAE to select the login box, if not already
selected (login title bar is blue when selected)

Suppaort >> OK Shut Down...

Figure 2.3 Login screen

No password will have been set when the X-Supreme is switched on for the first
time.

Under User name, use the drop-down menu and select ‘Manager'.

Click on the Password box and type ‘manager’ as the default password.

Click on ‘OK’ or press ‘Enter’ to continue.
The X-Supreme Main Analysis menu will now appear on-screen.

The Business of Science™
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Note: New user passwords and levels of access (security) to new users may be set
up (manager level access required to do this). From the Main Analysis menu select
'Other Functions F12', Preference Tab, User Setup (F8).

On subsequent occasions users may log in to the system using their given password.
e To select the appropriate user name, press the T and | keys OR type in the
first letter of the name OR click on the arrow to display the drop-down
menu.
e  To move to the password window, click on the window or press Tab.
e  Type in password.
l Click on OK or press ‘Enter’ to bring up the X-Supreme main analysis menu.
To change a password see 'Other Functions'/ Preferences/ Change Password.

Oxford Instruments recommends that the X-Supreme remains switched on at all
times. When the spectrometer is not analysing, it remains in standby mode (the X-
rays are off, and analysis positions for both heads are covered). If it becomes
necessary to turn the X-Supreme off, exit the X-Supreme software (Main Analysis
Menu) and choose 'Shut Down' in the Login screen (Figure 2.3). Windows will auto
shut down. Press the Power ON/OFF button on the control panel once. This will
power off the spectrometer and the PC.

General operation / X-Rays Enable/Disable key switch

There is a key activated control at the front of the instrument (Figure 1.5) which
prevents X-ray production when the key is removed. The key must be inserted and
in the X-ray ‘enable’ position for X-rays to be generated. The key can not be
removed when it is in the ‘enable’ position.

The Business of Science™
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General operation / Standby mode

When the spectrometer is not analysing, it remains in automatic Standby mode: X-
rays off, and the sample tray covers the analysis positions.

General operation / X-Rays ON/OFF

When the key is inserted and in the ‘'enable’ position then X-rays are automatically
switched on when the spectrometer begins to analyse and are automatically
switched off at the end of the analysis.

General operation / X-ray warning lamps

The X-ray warning lamps will be lit when the X-rays are switched on. These lamps
are located on the sample chamber lid (Figure 1.1). The lamps are LED units and are
expected to operate for the lifetime of the X-Supreme unit. In the event of one
lamp failing, the unit will continue to operate. In the very unlikely event of both
lamps failing, any X-rays are automatically switched off. In this case, you should call
in your Oxford Instruments engineer.

The Business of Science™ OXK
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Cleaning the instrument
Outer cover: Use a damp, not wet, cloth. Do not allow water to get

Computer screen: Use a dedicated screen wipe.

Annual service
An annual service should be performed by an Oxford Instruments qualified Service
Engineer.

Note: Routine radiation leakage surveys may be required by the state or
country. See the governing body's requlations or the agency.

OXFORD _

INSTRUMENTS
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Please read the X-Supreme Safety sections before using this section of the

How to use the X-Supreme software

Introduction

Basic user training is provided at installation. The safety guide provides an overview
of the basic operation of the X-Supreme. Application help, in the form of ‘Method
Sheets’ is provided as part of an X-Supreme package. More advanced training can
be arranged through your Oxford Instruments representative.

Day to day help is provided within the X-Supreme software through on-screen
localised bubble help, and a comprehensive on-line guide (English text) can be
viewed.

All X-Supreme functions can be executed using a mouse or the keyboard.
Note: The optional touch screen allows the execution of the functions by tapping
directly on the X-Supreme monitor.

Using the mouse
Hover the cursor over the screen feature and single click on the left-hand mouse
button. (Note: a right-hand mouse click can be used on many, but not all occasions).

Example: Main screen; selecting Main screen features using the mouse.

~ Mouse click on any

- of these features to
activate their
function.

The Business of Science™
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Using the keyboard
Many features can be activated using the function keys on the keyboard. Select the
function key detailed on the screen feature.

Example: Main screen, selecting Main screen features using the keyboard.

Feature Function Key
EXIT Control button + FI
EDIT TRAY F4

QC CHECK F10

RESTANDARD 7 4

OTHER FUNCTIONS Fi2

Accept F8

Move tray selection anti-clockwise | F3

Move tray selection clockwise 2

Starting and Stopping an analysis
Dedicated keys can be found on the X-Supreme integrated keyboard.

Green key:
Start analyss.

Red key:
Stop analysis.

OXFORD &

INSTRUMENTS
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Getting help

On-screen bubble help is available on many screens to explain the function of each
screen feature. Click on a question mark symbol or select F1 from the keyboard to
activate the bubble help. The question mark symbol may appear on a ‘button’ or as
an icon.

Example: How the bubble help button may appear on different screens

HELP
F1

Example: Main screen bubble help

Helpful Hinds

{ 1 Enterthe label x
for the current §

| sample here ?e'\ce«' [F5I/
. 4

Methad Cerment

OTHER

el Screen ‘Help
button’.

achsanced
LHilites ccrean

A question mark symbol within an on-screen bubble, indicates that further help on
this feature is available.

Example: More help on ‘Helpful Hints’ is available.

Helpful Hints - _ﬁﬂ
HElp

The Business of Science™
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Click on the question mark symbol to open
1 the on-line help file. The on-line help

Helpful Hints -

Help

Navigate through the help file using the

HTML help kavboard nanagation information

& help window.
Ip ophions
ide or show tha

Frass 'ALT" and "F4" 10 clos:
T o

When the tahs are hidden the up and down Brows

can be used 1o scroll the main window

wisible and the contents tab e
selected - 'ALT" and 'C' - the anow keys canbe
used to switch 1o & differant topic

Ix

mouse or keyboard.

Mouse: Double click to open a book.
: Single click to open a topic.

Keyboard: Navigate using a combination of
the arrow keys and the ‘Enter’ button.

A J

Use the ‘Search’ and ‘Index’ tabs to find topics

of interest.

information box will open first. Click ‘OK' to

_1? ] ® open the on-line help file (English text).

.
=
T ———
O R
1 @ B

+ - i
* :
* "
e

IOETRITEST
i
*
*
*
.
-
4

The Business of Science™



NEATPAGEINFO:id=31DBB387-5EAD-4580-B521-0E265BAEC717

NEATPAGEINFO:id=0009C6DD-7324-43D9-88B4-80023E677768


X-Supreme8000 User’s Guide Part number XSPOM1000E

Page 31

How to analyse a sample

Carefully prepare the sample. Refer to the on-line help and Method sheets, and
Application Notes where appropriate.

Example: On-line help, Appendix A, Sample Preparation.

X-Supreme i
| Help |

Position the sample in the instrument tray. (n.b. Use a secondary window for liquid
sample analysis). Any tray position can be used. Identify the sample on the screen
tray with a title.

Example: Tray position 1 selected

Example: Tray position 5 selected

The Business of Science™
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Example: Sample in tray position 1 has the title ‘Sample A1°. Click on ‘Accept [F8]’ (or use
keyboard function key F8) to name sample in tray position 5 ‘Sample B5’ and use the method
named ‘Cement’.

— ]

Select a method to
analyse the sample.
- Each sample can use
a different method.

Click on 'Start’ or use the keyboard to begin the analysis.

The screen tray will rotate to place the sample being measured at the top.
The ‘yellow' tray sample status indicates that the sample is being measured
The ‘red’ tray sample status indicates that the sample has not been measured.
The ‘green’ tray sample status indicates that the sample has been measured.

Example: One sample has completed its measurement (green), one sample is in the process of
being measured (yellow), and one sample is waiting to be measured (red).

Details of the current
measurement are displayed
in this section.

The Business of Science™
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Results

The result of an analysis is displayed automatically when all samples on the tray have
been measured. However, the ‘result’ page can be viewed at any time by clicking
‘Results F5' or selecting keyboard function key F5. Only completed results are

displayed.

Example: One sample (Sample A1) has been measured and the analysis is continuing. Results
(F5) has been selected, to display the completed result.

Insarsity:
02237 W % 47 cps
Mgl 11469 Wi % N0 eps
AIZOR 17072 Wik 2023 4 cps
HOZ THHZE Wi % J4L6 b cps
P2Os BOE00 Wh % 140 5 ips
$03 THGTS W % 1540 7 cps
K20 WAZTT Wi % Rl 0ips
Cal B2 7900 Wi % AN 2 cps
Ti? BIR7IWY % T35 cps
Cr203 00048 Wt % 418 cps
Mn?03 0099w % B4 cpy
Fe201 1.7990'Wt % B176.8 cps
Zni) 0 D0RT W % 135 7 epn
0 ZB0E Wt % 0515 cps

Select Results (F5) a
second time to close
the intermediate
result page.

RESULTS {F11)

Sampla Sample Al (Cament)
Compentrolinn Intensmy
02237 W % 42 cps
11469 Wi % 3102 cps
12072W % 20214 cps
176246 W % 1426 6 cps
00800 W % 140 5 cps
THEY W% 3540 7 cps
1 HZ77 WY % B170cps
[ TIERY B 4031 7 cpr
DI673Wr % 1135 s
0 0048 W1 % 41 f eps
00759 W1 % B4 4 e
1.7990 Wi % 61766 cps
DO06T W1 % 135.2 cps
02006 Wi % 3051 5 cps

Sample:Sample B5 (Cem

L ONICE or Intersay
1T R 40 eps
01z W 52 cpa

i) 2R W1 % P16 cpy
0 BED7 Wi % 5731 3cps
1 076D W % 17341 s
W W 326 1 s
1155 W % 105 cps
2ISEORWI % 0 cps
0.0095 W1 % 2.0 cps

Use these buttons, or F2 and
F3 on the keyboard, to scroll
through the results list to

Use these buttons to :
« Edit the results (F8)
e Preview a report (F9)

PREVIEW
REFORT
Fi

!
|

ALCTEPT ALL
Fii
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Preview Report (F9)

Choose to preview a summary or a full report (summary with Spectra).

Example: Click on Ok button or select F8 on the keyboard to preview a full report.

Report Template Picker o i |

Please select areport template from the list.

{Summal

|Summary with Spectral

Template {Sum'nafy with Spectra Ok (F8) i

Cencel (Esc) E

Use these buttons to
scroll through the report.
(Use F2 and F3 on the

OPERATOR. OIFORD
Dxford Instruments INSTRIMENT S

FLE: Samnpie a1 RMRLYIED 1112008 15.05:54 SETE——— N —
LEE Bl Sement .

Use these buttons to

(Use F6 and F7 on the
keyboard).

Example: Click on the ‘Print’ button or select F9 on the keyboard to print this three (3) page
report. Select the ‘Close’ button, or The ‘ESC’ key on the keyboard to return to the results page
without printing the report.

zoom in or out of a page

The Business of Science™ OXFORD
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Edit results (F8)

Example: All displayed results will be saved to the results database (Accepted).

RESULTS (F11)

Sample: Sampla A1 (Ci

Annhyte
Na2(
My
AlZ03
Si0?
o
503
K20
Cal
Tin?
Cr203
Mn203
Fa?031
£y

- eniresioor
02237 W %
| 14RS WY %
12072 W %
138246 Wh %
o 0900 Wi %
30575 W
0 BP27 WA %
279008 W %
N IRTI WY %
0.D0AE Wt %
00199 Wt %
1 7990 W %
0 DOGET WY %

1l PROG Wi %

Sample Sample BS (Comant)

DRceion
01339Wh %
01239Wh %
0.2065 W1 %
0B507 Wi %
00760 Wi %

arrithy
312 cps
310 2 cps
20234 cps
1476 B ops
140 5 cpn
841,/ cps
BI7.0 cps
40371 2 cps
1156 cps
414 cps
B44 cps
176 6 cps
135.2 cps
3051 5 cps

infrnsy
10 cps
B2 cps
21k cps
573 3 cps
1941 cps

REPORT

To reject a sample from
being saved, first choose
the sample in the list and
then select Reject’ (F8).

Example: One result has been selected to be rejected from the results database.

Mn203
Fez0d
Zny

02237 Wi %
1 1A W
12072Wh %
138246 'WA %
0 DIN0 W %
IBS7TEWI %
LB227TWr %
EZ.790B'WN %
LRLYER Y
00048 W %
Lmeswa %
1L79%0wWr %
00061 Wi %
0 7RG Wi %

Concastmtion
01339Wh %
BI239Wn %
0 2ERS WA %
DES07 Wh %
00760 W %

3548 7 cps
B170cps
A0371.2 cps
135 cps
418 cps
4.4 cps
6176.8 cps
135 2 cps
081 6 cps

p—
40cps
B2 cps

21 6 cps
5713 cps
1341 cps

PREVIEW
REPORT
L]

COMPLE TE
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Stopping analysis

The analysis can be stopped before all the samples on the tray have been
measured.

Example: Sample 1 was being measured when the ‘Stop’ command was given. The user may
proceed with halting the measurement by choosing Yes.

R This will halt the current anakyzis, and lose any data
W for sample 1. Stog the tray amway?

The user must now decide to either edit the tray or put the tray on hold.

You have chosen to stop the current analysis. What
do you want to do next?

Modity the list of zamples you analyze a3 part of this tray ADD TO OR EDIT |
Add new samples to the bay, or change the details of CURRENT TRAY
exizting zamples if they have not yet been analyzed

Put the current tray on hold. while pouw carmy out analysis PUT TRAY ON
of other samples. Come back to this trap once you have HOLD :
completed the other samples, i g

kg E

A ——— S— - s

Any sample that has not been
measured (red colour) can be
edited, that is; name changed,
method changed or the sample
deleted. New samples may be
added to the tray.

Click on ‘Start’ (or use keyboard
button) to measure edited tray.

The Business of Science™
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Example: User clicks on ‘PUT TRAY ON HOLD?’ or presses function key F8.

Halpfuk Hisia

The tray is cleared of all samples.
The user may now enter details
of a new analysis and measure
the new samples. At the end of
the new measurement the tray
‘on hold’ will be displayed for the
user to continue from where the
measurement was stopped.

i
FUNCTIONS
FIz

Sample measurement—order of measurement

Samples are measured in the order that their details are accepted on the screen tray.
The order may be viewed by clicking on "EDIT TRAY’ or pressing function key F4.

Example: The sample in tray position 1 will be measured first. The sample in tray position 5 will be
measured next, followed by the sample in tray position 6.

A user with sufficient login
m—TE access may:
= . Change the order of
measurement.

. Clear the tray
. Store the tray details to
a file location.

o

5]
CLEAR THAY
&)

Fl

The Business of Science™



NEATPAGEINFO:id=149738F3-48B2-4C10-8E3D-AD92EBFFE630

NEATPAGEINFO:id=B089A767-A981-4F43-B19E-61DF0B7EF29B


Page 38
X-Supreme8000 User's Guide Part number XSPOM1000E

QC Check F10

The action to be taken if the QC
check sample fails is shown in the ‘QC
Fail Action’ colump.

e | Click on this button
~ to change the action
- to be taken ifa QC
. check sample fails.
%
OC scmples ot selecied mthads 3 Be careful to use the
CSanpiename_ M correct QC check
sample.
g |
. eipampts i}
View GC History (F6) ‘ ”E””"elg% sample gmmfiancflnt-lf.s-:_.]wmsr

Example: All measurements will ‘Stop’ if the QC check sample (SUSi30B) fails.

what action should Twin < take # 2 OC sample is outside of its action limis?

‘ Choose one of three
' analysis options to take if
the QC check sample fails:

[F5] Coniinue testing [FG] Slo;adl z.:am;:;le:. -: [F7) Skip to nest GC s :

___________________________________________________ RS « Continue analysing (F5)
« Stop tray (F6)
» Measure next QC sample
on tray (F7)

OXFORD §

INSTRUMENTS
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Restandard F7

Example: Select OK (F10) to restandardise the method ‘Si on paper. Air method’ using Setting up
Samples (SUSs) SUSi10B in tray position 1 and SUSi05B in tray position 2.

& Restandardise SUSs

Methods
Mathod list (F2)

RS on paper. Air method

Select with the radio
button to perform a
restandardisation or
to measure a new
blank SUS.

SUSs tor selected methods (F3)

{Method

Example: Select OK (F10) to measure a new blank SUS for the method ‘Si on paper. Air method’
in tray position 1. The name ’New blank’ has been assigned to the SUS.

Methods

Meathod list F2)

b |

par. Air mathod.

Enter a new name or
use the default:
“Blank: method
name”

SLISs for selected methods {F3)

n paper. Air method

™

OXFORD

INSTRUMENTS
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DISCLAIMER

This document is the copyright of Oxford Instruments and may not be
photocopied, reproduced or translated to another language without prior
consent.

The information contained in this document is subject to change without notice.

Considerable care has been taken to ensure the accuracy of information
contained but Oxford Instruments accepts no responsibility for any inaccuracies
that may be found.

Oxford Instruments acknowledges all trademarks and registrations.
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Appendix: XRF Theory

An introduction to XRF analysis

X-rays, which form a part of the electromagnetic spectrum (see Figure Al), are
generated when atoms of elements are struck either by particles, such as electrons,
or by other higher-energy radiation. The process of primary X-ray emission, which
takes place inside an X-ray tube, can be considered simply as the production of
characteristic X-ray wavelengths of the tube anode element when it is bombarded
by a beam of high-energy electrons.

‘ ReD VISIBLE vioLET
T, 7

INFRARED | ULTRAVIOLET GAMMA RAYS

RADIO SOFT X-RAYS  HARD
= = ——————y — ,

A 3x10° 3x10°3x10* 3x10° 300 30 3 03 003 3x10
‘ | }Wavelength

nm 3x10° 3x10*3x10° 300 30 3 03 003 3x10°3x10" A

12 13 14 15

' [
Mz 100 107 102 100 10 10" 10”10”10 10”  Frequency
) ' ' ' i |

do o B B

041 413 4133 Energy keV

Figure A1: Part of the electromagnetic radiation spectrum

Note: Although the X-ray region can be defined by its frequency in MHz, it is more
convenient to use wavelengths specified in either angstrom units (1A = 10°m) or
the SI unit nanometres (1nm = 10 °m), or to use Energy in units of keV.

Characteristic X-rays are often also expressed in terms of energy in keV (inversely
proportional to wavelength). This means that the energy of the X-ray emission lines
in keV increases with increasing Atomic Number. The relationship between energy
and wavelength is as follows:

12.4

E(keV) =
(keV) wavelength(A)

The Business of Science™
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As the atomic number of an element increases, the wavelength of its most sensitive
characteristic emission spectral line, known as the K line, decreases. Low atomic
number elements are often called ‘light elements’ and their X-ray radiations are
absorbed by air. Conversely, high atomic numbers are called heavy elements.

It is important to recognise that each element has a number of characteristic lines
and that these occur as a result of internal electron transitions within the atom. The
lines occur as the result of the excess energy liberated when electrons from higher
energy levels ‘fall down’ to take the place of K, L and M electrons which have been
ejected by the exciting radiation (Figure A2).

These discrete energy differences give rise to characteristic element lines. These are
discussed below and shown in Figure B3. When X-rays are used as a source of
radiation to excite other elements the process is known as X-Ray Fluorescence (XRF).

Incident X-ray

.__’

Characteristic
X-ray

e_
ejected
electron

Figure A2: lllustration of internal electron transitions within the Sulfur atom

Figure A3 represents the electron energy levels about the nucleus of a sulfur atom
for the K, L and M shells. Each transition results in the emission of an X-ray photon,
it's energy being equal to the difference between the two energy levels involved.
The emitted K lines have a higher energy than the emitted L lines or the emitted M
lines. Wherever possible, XRF analysis uses the K lines because they are the most
sensitive.

The Business of Science™



NEATPAGEINFO:id=CA4DFF0C-CC1D-455B-86FA-9A03A9E6F172

NEATPAGEINFO:id=D14AF7FF-DD48-4B98-BDD8-CEEC20B61353


Page 43

X-Supreme8000 User’s Guide Part number XSPOM1000E
shell
Subr Shedl

s M

2

L
: : L

1

K.__ 1 K='I.:) K 1

) 4 h K

Figure A3: Fluorescence of sulfur atom

Selective excitation and primary beam filtration in EDXRF

Energy dispersive XRF (EDXRF) spectrometers have detectors that see the X-rays of
all energies simultaneously. This advantage has to be used carefully to ensure a
maximum count rate that the detector will accept.

In the EDXRF spectrometer, therefore, it is important to reduce the percentage of
the spectrum taken up by background counts, and this is achieved by selective
excitation and primary beam filtration. In practice, this means that the excitation
voltage used for a particular range of elements is the voltage that effectively
excites the highest energy line and no more. This avoids producing large amounts
of continuum background higher in energy than the element with the highest
energy that is to be analysed under these conditions. In addition, placing a filter
between the X-ray tube and the sample will modify the position of the peak
energy available for excitation.

In this way, the X-ray beam reaching the sample has a spectral distribution that
favours good excitation and low backgrounds for a particular region of the
spectrum. To achieve this, the X-Supreme is fitted with programmable multiple
filter changers which provide automatic filter changing between different ranges of
elements in multi-element applications. The choice of filter is matched with an
appropriate combination of tube voltage and beam current. Such analytical
procedures may be stored for automatic repeat use where stored sets of analytical
conditions (methods) are re-used.

——
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Absorption of X rays

Knowledge of the nature of X-ray absorption is fundamental to the understanding
of nearly everything that happens in X-ray analysis. Two basic facts need to be
grasped:

i. X-rays are absorbed according to Beer’s law.
_ — M px
I_=1e

Where

Iy = the intensity transmitted through a thickness x
I, = the initial incident intensity

W = the mass absorption coefficient

p = the density

x = the thickness of the absorber

ii. The value of the mass absorption coefficient changes with wavelength, and a
plot of the variation between absorption and wavelength shows maxima followed
by a sharp drop - the absorption edge. Figure A4 shows this effect.

Absorption edges occur at each critical excitation wavelength (5.0185 A), i.e. at the
critical excitation energy (2.4700 keV) of Sulfur.

Absorb.
units

M edge
L edge
K edge 7

Wavelength increasing
Figure A4: Diagrammatic representation of absorption edges
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Elements of higher atomic number are normally called heavy elements and,
because they have many electrons, they have a series of absorption edges — K, L,
M, etc. The higher the atomic number the higher the energy (and the shorter the
wavelength) of the K spectral lines. Conversely, elements of a low atomic number
are called light elements and have K spectral lines of low energy (or long
wavelength).

From a study of a set of mass absorption tables it is clear that the magnitude of
the mass absorption coefficient at the energy being studied plays a principal role.
This is the whole basis of inter-element (matrix) correction procedures, which are
needed in the analysis of multi-element materials. The make-up of the material or
the matrix determines how much of the excited characteristic radiation escapes
from the sample: this is measured and related by calibration to the concentration
of the element.

Precision

The term ‘precision’ is used to describe the repeatability of the instrument, which
is normally quoted as the standard deviation

g o

n—1

Figure A5: Typical Normal distribution

Figure A5 shows a typical Gaussian distribution, which can be used for any
measured value where random events are involved. From this it can be seen that
deviation from the mean value (above and below) for approximately 66% of all the
measured values is a value which is called sigma (o). Twice this standard deviation
value either side of the mean accounts for 95% of all the measured values, and
three times this value either side of the mean takes in 99.97% of all measured
values.

The Business of Science™ OXFORD
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These break-points are frequently used to describe various levels of confidence.
That is to say, there is a 1 in 20 chance in getting a result with a deviation more
than twice the one sigma (o) value above or below the mean.

With X-ray analysis the measurements are made up of a series of numbers
accumulated by counting photons of a particular energy entering a detector. This
counting process obeys a Normal distribution and one standard deviation (1o) is

lir= \/ total number of photons counted

and

total number of photons counted = (C + BEC) * QT

where
C = concentration

BEC = background equivalent concentration

Q = sensitivity (counts per second per concentration unit)

T = counting/analysis time (in seconds)

INTENSITY
cps
(counts per
second)
SUS2e =
o
A
Ty
/'(
< x Q= y
SUS1e- 4 L

| - —
0 02 04 06 08 1.0
BEC CONCENTRATION (%)
(Background
Equivalent
Concentration)

Figure A6: Concentration vs intensity

The Business of Science™
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In Figure A6:

lo =/(C+ BEC)*QT counts
however:
QT counts = 1%

so that:

s J(C+BEC)*QT v JC—A)A

or T

[ SO Y
oT

Note: A is negative

From this it is seen that:

BEC —A x4
o at zero= % =, —2——-
or T

BEC .. y
Three times this value, i.e. ‘,ﬁ , is known as the limit of detection (LOD).

It should be remembered that precision and time are intimately related. For
example, if the requirement is to improve the value for sigma at a particular
concentration level by a factor of two, then the counting time must be increased
by a factor of four. That is to say, the time must increase by the square of the
improvement required.

The Business of Science™



NEATPAGEINFO:id=E3890EFC-10A8-4379-930D-23BBC9ACA804

NEATPAGEINFO:id=C76462DD-1169-4419-A664-437A524FB8D8


X-Supreme8000 User’s Guide Part number XSPOM1000E

Page 48

Accuracy

The terms ‘accuracy’ and ‘precision’ are often interchanged and wrongly used. The
definitions are quite clear:
» Precision is the ability of the instrument to repeat a result from the same
sample.
E Accuracy is the correctness of this result compared with other reference
methods of analysis.
A useful way of expressing accuracy is in terms of the standard error (standard
deviation of differences between X-ray and given values) of the calibration curve.

From this, it follows that an instrument can have excellent precision or
reproducibility but the value being produced could be quite wrong. Poor
calibration is a classic cause, possibly resulting from insufficient calibration
standards, inaccurate concentration values, errors in sample preparation etc.

The Business of Science™
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OXFORD

OXFORD INSTRUMENTS
INSTRUMENTS
Packing List
Order Type Serial No.: X16104
System/X-Supreme SO: 37480
Item No. |Description Q'ty Remarks Box No.
1 X-Supreme instrument 1
2 Accessories box —-TXPAK1 1
3 Accessories box —TXPAK2 1
4 54-L73 1 Kept in TXPAK2
5 54-7X1223 1
54-C-XSP e ! | Keptin SUS boxof | Boy 1 of 1

7 |54-SUCMO3B 1 TXPAK1
8 54-SUCMO04B 1
9 MOUSE MAT IA 1 Kept in TXPAK1
10 |MOUSE - OPTICAL 1 Kept in TXPAK2
11 |Main IEC cable 2 K53L't1i:1°$“xy:§2
1 54-XSPOM1000E 1
2 54-XSMS-03A 1
3 54-XSMS-03B 1
4 54-XSMS-03C 1
5 54-XSMS-03D 1
6 54-XRFMS002 1
7 54-XRFMS007 1
8 54-7X1267 1

Documents 9 54-SHIPPING ORIGIN 1 Box 1 of 1
10  |54-XSU-02-0001-AA 1
11 [XSP X-Ray Key note 1
12 |Customer Service Flyer 1 51-5103150
13 |Win7 operating system note | 1
14 |X-Ray Key 2
15  |54-QDR 2
16 |Virus Scan report 1
17 |XSP Software 1

Other Items 1 54-Q58 5 Kept in TXPAK2

under SO 2
Neimbeiacot ! Packed byz: }7 7. Bly’ ‘;Bl‘ ﬁhecked by: /&{ ZM\
Pieces Packed Date=£.%.&olk Date: 2& bec.w/é
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TXPAK2 TWINX ACCESSORY KIT CHECKLIST

54-SPARES BOX
WHITE SPARES BOX 355X300X115
QTy 1

54-LX6879-2
SECONDARY SAFE™Y WINDOW
Qarys

54.QX1008 TR
SAMPLE BOX el

arv 1 [

54.LB3181
SUS TRANSIT CASE WARNING LABEL
QTY 1

54-QX1009 - By -
SILICA GEL DESICCANT 601-057 s
ary 1

54-Q59 ' E % 54-XRFMS005
41mm SAMPLE CELL - i XRF SUS INSTRUCTIONS

oty 5[] Qry 1

!

-3 :
ﬁ&;.‘.._,._ Sliiag
=

54-CP6618
Recovery CD [

aTy 1 E . “‘“{-!’n :

CARDBOARD TUBE 2FT X 2IN DIA
aTy 1
54-PTE/0399
PERIODIC TABLE BY 1AG
QTy 1

NAME ... ... ccwnnsniinar 4
SIGNATURE, .QC STAMP 54-TXPAK2CKLTV3
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TXPAK1 TWINX ACCESSORY KIT CHECKLIST

54-L X6879-2

SECONDARY SAFETY WINDOW
arvio 7]

54-1X1032

SAMPLE RACK
QrY 1

54-CK-100
CONSUMABLES 100
Qry 1

54-SPARES BOX
WHITE SPARES BOX 355X300X115
QTyYy 1

54-LX320
SAFETY WINDOW ASSY TOOL
QrY 1

54-LX1054
WINDOW ASSY JIG

a1 7]

54-PR1023
VAC GREASE .
Qty 1

54-1242

SAMPLE CELLS(SET OF10)
Qry 1

54-QX1008
SAMPLE BOX
Qty 1

54-LB3181
SUS TRANSIT CASE WARNING LABEL
aTty 1

54-XRFMS005

XRF SUS INSTRUCTIONS
QTYy 1

54-QX1008

SILICA GEL DESICGANT 601-057
QTy 1

54-CP6618
Recovery CD

Qty 1 m

54-P11023
1/8" CLEAR OS 4
QTy 5M

54-HW8000
CARDBOARD TUBE 2FT X 2IN DIA
QTyY 1
54-PTE/0399
PERIODIC TABLE BY IAG
a1

SIGNATURE.........ccotrrineeccenn QC STAMP 54-TXPAK1CKLTV4
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Method Sheet XSMS-03B.V5

Oxford Instruments X-Supreme for the analysis of finished cement

Note: Please refer to the integrated on-screen help provided in the X-Supreme software for
additional guidance.

Instrument Configuration

This method is specific to the X-Supreme, which must be fitted with a Tungsten target X-ray tube,
a Silicon drift detector (SDD) and a sample spinner.

Note: You are strongly advised to follow this method exactly without editing any of the
parameters. If you wish to make any changes, you should have established at least one calibration
with the standard format so that you can then see the effect of any changes you wish to make.

Accessories

This method needs the following accessories:

e 40mm-diameter pellet holders (Part Number Q59)
s Setting up sample, SUCMO03B
e Setting up sample, SUCM04B
¢ Setting up sample, SUGL50B.

Copying the Oxford Instruments template

All the instrument operating and calibration parameters are defined in the Oxford Instruments
pre-defined calibration template XSMET-03B.V5. This is stored in the instrument and is “locked” to
prevent any alteration. It can be copied as many times as required and each copy will be
automatically “unlocked” so that it can be used to measure calibration standards and establish a
working method. To make your working copy, select “Other Functions” from the main analysis
menu. Go to Method Setup and click on “Manage Methods” (bottom of page). Highlight XSMET-
03B.V5, right-button click on the mouse and select “Copy”. The copy will be called “XSMET-03B.V5
(2)” by default. You can rename the copy by pressing the right button on the mouse, selecting the
“Rename” option, and entering the name of your choice for your calibration.

Summary of the method

The method includes two measurement conditions that have been optimised to obtain best
sensitivity and limit of detection for all elements present in finished cement. The total
measurement time is about seven minutes per sample. The sample spinner is used to compensate

for any residual sample heterogeneity. The fixed conditions and regions of interest used in this
method are shown in Table 1.
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Table 1: Method parameters

Analyte Region of Condition name | X-ray tube current Path Measurement time
interest (LA) (seconds)
NaQO Na Ka
MgO Mg Ka
AIQOQ Al Ka Na-9S
SiO, Si Ka (4kV no filter) i we o
P2Os P Ka
S0, S Ka
K:0 K Ka
CaO CaKa
TiO, TiKa
Cry,04 CrKa K-8r .
Mn,O; Mn Ka (22kV A6 fitter) % Ar 10
Fe,04 Fe Ka
ZnO Zn (W) Ka
SrO Sr Ka

Preparing the instrument

Before making any measurements in the calibration it is advisable for the instrument to have been
switched on for at least two hours to achieve temperature stability. It is also a good idea to make a
preliminary spectrum scan using the “Na - S” condition given in Table 1 to ensure that the helium
pipework is free of residual air.

Preparation of standards

Calibration standards should be well analysed, production samples with concentrations that evenly
span the range of interest for all analytes. Production samples are used so that the mineralogy of
standards matches that of unknowns.

Standards and unknowns are measured as 40mm-diameter pressed pellets in the Oxford
Instruments pellet holders (Part number Q59). Many cement companies have established
techniques for preparing such pellets. Refer to method sheet XRFMS002 to confirm these
techniques are suitable for the X-Supreme. When there is no existing method, grind the samples
in a swing mill before pelletizing using a hydraulic press (See method sheet XRFMS002). A
grinding additive is useful to prevent the sample clogging the mill and to help it bind into a pellet.
The best type is one available as tablets of precise weight so that only the sample needs weighing.
Oxford Instruments can supply such a grinding/binding aid in tablet form (Part number CM0039).

Calibration

Measure at least ten standards. To do so, select your copy from the methods list, highlight and
click “Measure Standards”. At that time, you can:

= |f the standards data already exist in the database: Answer “No” to the “Do you want to add
new standards?” question. Tick the Filter Type required so that your standards appear in the
available standards list. Highlight each standard you wish to use for your calibration and click
on “Add to calibration” to include it in your calibration standards list. When you have selected
all the required standards, click "Next”. Position each standard on the screen tray by
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highlighting the sample tray position, highlighting the corresponding standard and pressing
the “>>" key. Press “Next” when all standards are positioned on the screen tray. Place the
standards on the instrument tray and press “Start” to start the measurements.

= |f the standards data do not exist in the database: Answer “Yes” to the “Do you want to add
new standards?” question. Enter the name of the first standard and press “Next”. Enter your
standard’s concentrations and press “Next” again. You may now enter Standard Qualities
criteria for the standard (e.g. matrix type, quality). The criteria entered will be used in the
database search engine. When the entry is complete, press “Finish”. A green tick appears to
show the standard data have been saved. Click “Add New” to enter the next standard. Repeat
the same procedure for all standards, then click “Close”. Press “Next” and position each
standard on the screen tray by highlighting the sample tray position, highlighting the
corresponding standard and pressing the “>>" key. Press “Next” when all standards are
positioned on the screen tray. Place the standards on the instrument tray and press “Start” to
start the measurements.

When all standards have been measured, return to Method Setup and Regress. A linear (no
correction) calibration will be set as default for all analytes. Only Fe203 requires a correction.

To apply the correction for Fe;0s, select “Fe203" from the analyte drop-down list. Press “Edit
Regression” and select “Intensity” from the Model drop-down list. Highlight “Ca K” in the
“Available” column and press “>>" to select it for the correction. Press "OK” to apply the correction
model.

If the results are not satisfactory (see Table 2: Typical calibration performance for XSMET-03B.V1)
you can experiment with deletion and re-measurement of standards or inclusion of additional
ones. If you wish to do so, close Regress, save your regression data when prompted and proceed
in "Measure Standards”.

A History page and a Summary page are available in Regress to help you track changes and assess
performance. Make sure that you return to Regress and save the regression after every change
you make in the calibration standards.

When you are satisfied with your calibration results, close the Regression menu and answer “Yes"
to save the regressed data.

Table 2: Typical calibration performance for XSMET-03B.V5

Analyte Range Standard error | Guaranteed limit | Mid-range precision Total
of calibration of detection (30) (95% confidence) measurement
time
(% m/m) (% m/m) (% m/m) (% m/m) (minutes)
Na,O 0.02 -1.07 0.04 0.021 0.012
MgO 0.81 - 4.48 0.06 0.015 0.03
Al;O4 39-71 0.1 n/a 0.03
SiO, 18.6 -22.4 0.2 n/a 0.07
P50 0.02-0.31 0.009 0.005 0.003
SO, 21-46 0.1 n/a 0.011 =4
KO 0.09-1.23 0.04 0.005 0.011
CaO 57.6 - 67.9 0.5 n/a 0.08
TiO, 0.08 - 0.37 0.006 0.003 0.004
Cr,05 | 0.002 - 0.06 0.003 0.001 0.001
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Mn,O; | 0.007 - 0.26 0.006 0.001 0.002
Fe O3 0.15-23A1 0.06 0.003 0.008
Zn0O 0.001 - 0.11 0.001 0.0006 0.001
SrO 0.02 -0.64 0.004 0.002 0.001

The precision was calculated from 10 repeat measurements of NIST standards. The standards were
chosen so that the analytes’ concentration matches the calibration mid-range.

It is good practice to run validation samples and save their results to ensure you have all the data
you need to integrate your X-Supreme into a quality system.

Setting up samples and Restandardisation
This method uses three setting up samples (SUSs) for restandardisation, SUCMO03B, SUCMO04B and
SUGLS50B. These act as high and low reference points for each calibration line.

After finishing the regression, proceed directly to “Measure SUSs”. The SUSs usage, their
measurement current and time are pre-assigned (details in Table 3). Click “Next” and assign the
SUSs positions on the tray.

Place the three SUSs on the instrument tray. Close the lid and press “Start” to start the
restandardisation measurements.

When the restandardisation is complete (the whole process takes less than twenty minutes), your

calibration is ready to be used for routine analysis. To return to the main analysis menu, press
“Back”.

Table 3: Measurement times and tube current used for SUSs

SuUS Condition Measurement time Tube current

(seconds) (LA)

e 200 750

SUCMO3B T(a_ Ssr = =
- 200 750

SUCMO4B ':a_ ssr = —
E 200 750

SUGL50B ':a_ sSr — =

Setting up a Quality Control routine

If you wish the X-Supreme to be part of your quality control system, you can assign a quality
control (QC) check sample to the calibration method. To do so, go to “Method Setup”, select your
method then “Define QC Check Sample”. You can then specify an existing standard as a QC sample
or enter data for a new one. Specify the target concentration for the QC sample, and the warning
and action tolerance values. Restandardise when the QC check sample results are outside the
tolerance limits.
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Parameters for routine analysis

The results format for the screen display is set as “Default” in the method. You can change it if you
wish to use other formats. To do so, select your calibration and “Edit Method” in the “Method
Setup”. Highlight “Save Method” in the method browser (left hand-side column). There you can
change and/or add results report output formats.

You can also add automatic calculations to the method (e.g. lime saturation factor), using the
Post-Analysis Calculations function in the Method Editor.

After the method is saved, it appears in the methods list available on the main analysis page and
can be used for routine analysis. To measure a sample, select its tray position, enter the sample
name (Label), select the method you wish to analyse it under from the Method drop-down list, and
click on “Accept” to confirm the entry. Place the sample on the tray in the correct position. Repeat
this procedure for all samples. When they are ready for measurement, close the instrument’s lid
and press “Start” to begin the analysis run. Preliminary results will appear after only a few seconds.

Note: You can edit the sample position on the tray when you go to “Edit Tray”.

It is good practice to store your calibration data and your sample results in a separate file location
for eventual backup.

© Oxford Instruments Analytical 2016. All Rights Reserved.
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Method Sheet XSMS-03D.V5

Oxford Instruments X-Supreme for the analysis of dolomitic limestone

Note: Please refer to the integrated on-screen help provided in the X-Supreme software for
additional guidance.

Instrument Configuration

This method is specific to the X-Supreme, which must be fitted with a Tungsten target X-ray tube,
a Silicon drift detector (SDD) and a sample spinner.

Note: You are strongly advised to follow this method exactly without editing any of the
parameters. If you wish to make any changes, you should have established at least one calibration
with the standard format so that you can then see the effect of any changes you wish to make.

Accessories

This method needs the following accessories:

e 40mm-diameter pellet holders (Part Number Q59)
e Setting up sample, SUCM04B
e Setting up sample, SUGL50B.

Copying the Oxford Instruments template

All the instrument operating and calibration parameters are defined in the Oxford Instruments
pre-defined calibration template XSMET-03D.V5. This is stored in the instrument and is “locked”
to prevent any alteration. It can be copied as many times as required and each copy will be
automatically “unlocked” so that it can be used to measure calibration standards and establish a
working method. To make your working copy, select “Other Functions” from the main analysis
menu. Go to Method Setup and click on “Manage Methods” (bottom of page). Highlight XSMET-
03D.V5, right-button click on the mouse and select “Copy”. The copy will be called “XSMET-
03D.VS (2)" by default. You can rename the copy by pressing the right button on the mouse,
selecting the “Rename” option, and entering the name of your choice for your calibration.

Summary of the method

The method includes two measurement conditions that have been optimised to obtain best
sensitivity and limit of detection for all elements present in limestone. The total measurement time
is about five minutes per sample. The sample spinner is used to compensate for any residual

sample heterogeneity. The fixed conditions and regions of interest used in this method are shown
in Table 1.
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Table 1: Method parameters

Analyte Region of Condition name | X-ray tube current Path Measurement time
interest (HA) (seconds)

MgO Mg Ka

ALO Al Ka il 380 Helium 100

i _ (5kV no filter)

Si0, SiKa

Ca0 CaKa Ca-Fe :

FesOs Fo Ka (15kV Ad filter) o i 0

Al203 is corrected for background variation from the Mg and Si peaks. There is no correction for
the other elements

Preparing the instrument

Before making any measurements in the calibration it is advisable for the instrument to have been
switched on for at least two hours to achieve temperature stability. Also carry out a spectrum scan
using the “Na-K" condition shown in Table 1 to ensure the Helium gas purge is free of residual air.

Preparation of standards

Calibration standards should be well analysed, production samples with concentrations that evenly
span the range of interest for all analytes. Production samples are used so that the mineralogy of
standards matches that of unknowns.

Standards and unknowns are measured as 40mm-diameter pressed pellets in the Oxford
Instruments pellet holders (Part number Q59). Many cement companies have established
techniques for preparing such pellets. Refer to method sheet XRFMS002 to confirm these
techniques are suitable for the X-Supreme. When there is no existing method, grind the samples
in a swing mill before pelletizing using a hydraulic press (See method sheet XRFMS002). A
grinding additive is useful to prevent the sample clogging the mill and to help it bind into a pellet.
The best type is one available as tablets of precise weight so that only the sample needs weighing.
Oxford Instruments can supply such a grinding/binding aid in tablet form (Part number CM0039).

Calibration

Measure at least six standards. To do so, select your copy from the methods list, highlight and
click “Measure Standards”. At that time, you can:

= |f the standards data already exist in the database: Answer “No” to the “Do you want to add
new standards?” question. Tick the Filter Type required so that your standards appear in the
available standards list. Highlight each standard you wish to use for your calibration and click
on “Add to calibration” to include it in your calibration standards list. When you have selected
all the required standards, click “Next”. Position each standard on the screen tray by
highlighting the sample tray position, highlighting the corresponding standard and pressing
the “>>" key. Press “Next” when all standards are positioned on the screen tray. Place the
standards on the instrument tray and press “Start” to start the measurements.

= |f the standards data do not exist in the database: Answer “Yes” to the “Do you want to add
new standards?” question. Enter the name of the first standard and press “Next". Enter your
standard’s concentrations and press “Next” again. You may now enter Standard Qualities
criteria for the standard (e.g. matrix type, quality). The criteria entered will be used in the
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database search engine. When the entry is complete, press “Finish”. A green tick appears to
show the standard data have been saved. Click “Add New” to enter the next standard. Repeat
the same procedure for all standards, then click “Close”. Press “Next” and position each
standard on the screen tray by highlighting the sample tray position, highlighting the
corresponding standard and pressing the “>>" key. Press “Next” when all standards are
positioned on the screen tray. Place the standards on the instrument tray and press “Start” to
start the measurements.

When all standards have been measured, return to Method Setup and Regress. A linear (no
correction) calibration will be set as default for all analytes.

To apply the correction for Al;O3, select “Al;03" from the analyte drop-down list. Press “Edit
Regression” and select “Additive Int.” from the Model drop-down list. Highlight “Mg K" and “Si K"in

the “Available” column and press “>>" to select it for the correction. Press “OK” to apply the
correction model.

If the results are not satisfactory (see Table 2: Typical calibration performance for XSMET-03D.V5)
you can experiment with deletion and re-measurement of standards or inclusion of additional

ones. If you wish to do so, close Regress, save your regression data when prompted and proceed
in "Measure Standards”.

A History page and a Summary page are available in Regress to help you track changes and assess
performance. Make sure that you return to Regress and save the regression after every change
you make in the calibration standards.

When you are satisfied with your calibration results, close the Regression menu and answer “Yes”
to save the regressed data.

Table 2: Typical calibration performance for XSMET-03D.V5

Analyte Range Standard error | Guaranteed limit | Mid-range precision Total
of calibration | of detection (3c) | (95% confidence) measurement
time
(% m/m) (% m/m) (% m/m) (% m/m) (minutes)
MgO 18.8-21.2 0.21 0.16 0.14
Al,O3 02-04 0.01 0.013 0.009
SiO; 03-22 0.12 0.04 0.02 ~5
CaO 30-329 0.22 n/a 0.05
Fe,Os 0.1-06 0.02 0.002 0.002

The precision was calculated from 10 repeat measurements of a standard containing 20.3% MgO,
0.3% AlL0s3, 1.2% SiO;, 31.3% Ca0, and 0.2% Fe,0s.

It is good practice to run validation samples and save their results to ensure you have all the data
you need to integrate your X-Supreme into a quality system.

Setting up samples and Restandardisation

This method uses two setting up samples (SUSs) for restandardisation SUCM04B and SUGL50B.
These act as high and low reference points for each calibration line.

After finishing the regression, proceed directly to “Measure SUSs”. The SUSs usage, their
measurement current and time are pre-assigned (details in Table 3). Click “Next” and assign the
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SUSs positions on the tray. Place the two SUSs on the instrument tray. Close the lid and press
“Start” to start the restandardisation measurements.

When the restandardisation is complete (the whole process takes less than twenty minutes), your
calibration is ready to be used for routine analysis. To return to the main analysis menu, press
“Back”.

Table 3: Measurement times and tube current used for SUSs

SuUSs Condition Measurement time Tube current
(seconds) (HA)
SUGL50B Na-K 200 380
Ca-Fe 200 60
— 2 34
SUCMO4B Ll i 0
Ca-Fe 200 45

Setting up a Quality Control routine

If you wish the X-Supreme to be part of your quality control system, you can assign a quality
control (QC) check sample to the calibration method. To do so, go to “Method Setup”, select your
method then “Define QC Check Sample”. You can then specify an existing standard as a QC sample
or enter data for a new one. Specify the target concentration for the QC sample, and the warning
and action tolerance values. Restandardise when the QC check sample results are outside the
tolerance limits.

Parameters for routine analysis

The results format for the screen display is set as “Default” in the method. You can change it if you
wish to use other formats. To do so, select your calibration and “Edit Method” in the “Method
Setup”. Highlight “Save Method” in the method browser (left hand-side column). There you can
change and/or add results report output formats.

After the method is saved, it appears in the methods list available on the main analysis page and
can be used for routine analysis. To measure a sample, select its tray position, enter the sample
name (Label), select the method you wish to analyse it under from the Method drop-down list, and
click on “Accept” to confirm the entry. Place the sample on the tray in the correct position. Repeat
this procedure for all samples. When they are ready for measurement, close the instrument’s lid
and press “Start” to begin the analysis run. Preliminary results will appear after only a few seconds.

Note: You can edit the sample position on the tray when you go to “Edit Tray”.

It is good practice to store your calibration data and sample results in a separate file location for
eventual backup.

© Oxford Instruments Analytical 2016. All Rights Reserved.
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Method Sheet XSMS-03C.V5

Oxford Instruments X-Supreme for the analysis of high-calcium
limestone

Note: Please refer to the integrated on-screen help provided in the X-Supreme software for
additional guidance.

Instrument Configuration

This method is specific to the X-Supreme, which must be fitted with a Tungsten target X-ray tube,
a Silicon drift detector (SDD) and a sample spinner.

Note: You are strongly advised to follow this method exactly without editing any of the
parameters. If you wish to make any changes, you should have established at least one calibration
with the standard format so that you can then see the effect of any changes you wish to make.

Accessories

This method needs the following accessories:

e 40mm-diameter pellet holders (Part Number Q59)
e Setting up sample, SUCMO3B
e Setting up sample, SUCMO4B.

Copying the Oxford Instruments template

All the instrument operating and calibration parameters are defined in the Oxford Instruments
pre-defined calibration template XSMET-03C.VS5. This is stored in the instrument and is “locked”
to prevent any alteration. It can be copied as many times as required and each copy will be
automatically “unlocked” so that it can be used to measure calibration standards and establish a
working method. To make your working copy, select “Other Functions” from the main analysis
menu. Go to Method Setup and click on “Manage Methods” (bottom of page). Highlight XSMET-
03C.VS5, right-button click on the mouse and select “Copy”. The copy will be called “XSMET-
03C.V5 (2)” by default. You can rename the copy by pressing the right button on the mouse,
selecting the “Rename” option, and entering the name of your choice for your calibration.

Summary of the method

The method includes two measurement conditions that have been optimised to obtain best
sensitivity and limit of detection for all elements present in limestone. The total measurement time
is about five minutes per sample. The sample spinner is used to compensate for any residual
sample heterogeneity. The fixed conditions and regions of interest used in this method are shown
in Table 1. The corrections applied in the calibration regression are in Table 2.
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Table 1: Method parameters

Analyte Region of Condition name | X-ray tube current Path Measurement time
interest (LA) (seconds)
MgO Mg Ka
AlO3 Al Ka Na - K ‘
SiO, SiKa (5kV no filter) 300 Helium 100
K20 K Ka
G20 Ca Ka Ca-Fe _
Fex0s Fe Ka (15kV A4 filter) 40 Air 100

Table 2: Calibration corrections

Analyte Correction Model
MgO, SiO;, Ca0, Fe,O3; | No correction
AlLO4 Intensity for Mg to correct for mass absorption
K;0 Additive Intensity for Ca to correct for changes in background from the Ca peak

Preparing the instrument

Before making any measurements in the calibration it is advisable for the instrument to have been
switched on for at least two hours to achieve temperature stability. Also carry out a spectrum scan
using the “Na-K" condition shown in Table 1 to ensure the Helium gas purge is free of residual air.

Preparation of standards

Calibration standards should be well analysed, production samples with concentrations that evenly

span the range of interest for all analytes. Production samples are used so that the mineralogy of
standards matches that of unknowns.

Standards and unknowns are measured as 40mm-diameter pressed pellets in the Oxford
Instruments pellet holders (Part number Q59). Many cement companies have established
techniques for preparing such pellets. Refer to method sheet XRFMS002 to confirm these
techniques are suitable for the X-Supreme. When there is no existing method, grind the samples
in a swing mill before pelletizing using a hydraulic press (See method sheet XRFMS002). A
grinding additive is useful to prevent the sample clogging the mill and to help it bind into a pellet.
The best type is one available as tablets of precise weight so that only the sample needs weighing.
Oxford Instruments can supply such a grinding/binding aid in tablet form (Part number CM0039).

Calibration

Measure at least ten standards. To do so, select your copy from the methods list, highlight and
click “Measure Standards”. At that time, you can:

= |f the standards data already exist in the database: Answer “No” to the “Do you want to add
new standards?” question. Tick the Filter Type required so that your standards appear in the
available standards list. Highlight each standard you wish to use for your calibration and click
on “Add to calibration” to include it in your calibration standards list. When you have selected
all the required standards, click “Next”. Position each standard on the screen tray by
highlighting the sample tray position, highlighting the corresponding standard and pressing
the “>>" key. Press “Next” when all standards are positioned on the screen tray. Place the
standards on the instrument tray and press “Start” to start the measurements.
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= |f the standards data do not exist in the database: Answer “Yes” to the "Do you want to add
new standards?” question. Enter the name of the first standard and press “Next”. Enter your
standard’s concentrations and press “Next” again. You may now enter Standard Qualities
criteria for the standard (e.g. matrix type, quality). The criteria entered will be used in the
database search engine. When the entry is complete, press “Finish”. A green tick appears to
show the standard data have been saved. Click “Add New” to enter the next standard. Repeat
the same procedure for all standards, then click “Close”. Press “Next” and position each
standard on the screen tray by highlighting the sample tray position, highlighting the
corresponding standard and pressing the “>>" key. Press “Next” when all standards are
positioned on the screen tray. Place the standards on the instrument tray and press “Start” to
start the measurements.

When all standards have been measured, return to Method Setup and Regress. A linear (no
correction) calibration will be set as default for all analytes.

To apply the correction for Al;O3, select “Al>03” from the analyte drop-down list. Press “Edit
Regression” and select “Intensity” from the Model drop-down list. Highlight “Mg K" in the
“Available” column and press “>>" to select it for the correction. Press “OK” to apply the correction
model.

To apply the correction for K,0, select “K,0" from the analyte drop-down list. Press “Edit
Regression” and select “Additive Int.” from the Model drop-down list. Highlight “Ca K" in the
“Available” column and press “>>" to select it for the correction. Press “OK” to apply the correction
model.

If the results are not satisfactory (see Table 3: Typical calibration performance for XSMET-03C.V5)
you can experiment with deletion and re-measurement of standards or inclusion of additional

ones. If you wish to do so, close Regress, save your regression data when prompted and proceed
in "Measure Standards”.

A History page and a Summary page are available in Regress to help you track changes and assess
performance. Make sure that you return to Regress and save the regression after every change
you make in the calibration standards.

When you are satisfied with your calibration results, close the Regression menu and answer “Yes”
to save the regressed data.

Table 3: Typical calibration performance for XSMET-03C.V5

Analyte Range Standard error | Guaranteed limit Precision Total
of calibration of detection (3c) (95% confidence) measurement
time
(% m/m) (% m/m) (% m/m) (% m/m) (minutes)
MgO 1-4.1 0.05 0.04 0.02
Al,O5 0.6-3.3 0.04 0.02 0.02
SiO, 23-104 0.08 0.05 0.03
K.O 0.1-0.8 0.008 0.02 < 0.01 =
CaO 42.3-52.6 0.4 n/a 0.05
Fe 04 04-13 0.006 0.02 0.01
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The precision was calculated from 10 repeat measurements of a standard containing 1%m/m MgO,
2.2%m/m Al;03, 6.3%m/m SiOz, 0.5%m/m K;0, 48.2%m/m CaO and 0.9%m/m Fe;0s.

It is good practice to run validation samples and save their results to ensure you have all the data
you need to integrate your X-Supreme into a quality system.

Setting up samples and Restandardisation

This method uses two setting up samples (SUSs) for restandardisation SUCMO03B and SUCMO04B.
These act as high and low reference points for each calibration line.

After finishing the regression, proceed directly to “Measure SUSs”. The SUSs usage, their
measurement current and time are pre-assigned (details in Table 4). Click “Next” and assign the
SUSs positions on the tray. Place the two SUSs on the instrument tray. Close the lid and press
“Start” to start the restandardisation measurements.

When the restandardisation is complete (the whole process takes less than fifteen minutes), your
calibration is ready to be used for routine analysis. To return to the main analysis menu, press
“Back”.

Table 4: Measurement times and tube current used for SUSs

SuUs Condition Measurement time Tube current
(seconds) (HA)
SUCMO3B Na - K 200 390
Ca-Fe 150 40
- 90
SUCMO4B Ng— i — )
Ca-Fe 150 40

Setting up a Quality Control routine

If you wish the X-Supreme to be part of your quality control system, you can assign a quality
control (QC) check sample to the calibration method. To do so, go to “Method Setup”, select your
method then “Define QC Check Sample”. You can then specify an existing standard as a QC sample
or enter data for a new one. Specify the target concentration for the QC sample, and the warning
and action tolerance values. Restandardise when the QC check sample results are outside the
tolerance limits.

Parameters for routine analysis

The results format for the screen display is set as “Default” in the method. You can change it if you
wish to use other formats. To do so, select your calibration and “Edit Method"” in the “Method
Setup”. Highlight “Save Method” in the method browser (left hand-side column). There you can
change and/or add results report output formats.

After the method is saved, it appears in the methods list available on the main analysis page and
can be used for routine analysis. To measure a sample, select its tray position, enter the sample
name (Label), select the method you wish to analyse it under from the Method drop-down list, and
click on “Accept” to confirm the entry. Place the sample on the tray in the correct position. Repeat
this procedure for all samples. When they are ready for measurement, close the instrument’s lid
and press “Start” to begin the analysis run. Preliminary results will appear after only a few seconds.
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Note: You can edit the sample position on the tray when you go to "Edit Tray".

It is good practice to do the following to store your calibration data and sample results in a
separate file location for eventual backup.

© Oxford Instruments Analytical 2016. All Rights Reserved.
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Method Sheet XSMS-03A.V5

Oxford Instruments X-Supreme for the determination of Al.0s3, SiOz,
CaO and Fe;03 in finished cement

Note: Please refer to the integrated on-screen help provided in the X-Supreme software for
additional guidance.

Instrument Configuration

This method is specific to the X-Supreme, which must be fitted with a Tungsten target X-ray tube,
a Silicon drift detector (SDD) and a sample spinner.

Note: You are strongly advised to follow this method exactly without editing any of the
parameters. If you wish to make any changes, you should have established at least one calibration
with the standard format so that you can then see the effect of any changes you wish to make.

Accessories

This method needs the following accessories:

¢ 40mm-diameter pellet holders (Part Number Q59)
e Setting up sample, SUCMO3B
e Setting up sample, SUCM04B

Copying the Oxford Instruments template

All the instrument operating and calibration parameters are defined in the Oxford Instruments
pre-defined calibration template XSMET-03A.V5. This is stored in the instrument and is “locked”
to prevent any alteration. It can be copied as many times as required and each copy will be
automatically “unlocked” so that it can be used to measure calibration standards and establish a
working method. To make your working copy, select “Other Functions” from the main analysis
menu. Go to Method Setup and click on “Manage Methods” (bottom of page). Highlight XSMET-
03A.V5, right-button click on the mouse and select “Copy”. The copy will be called “XSMET-
03A.V5 (2)" by default. You can rename the copy by pressing the right button on the mouse,
selecting the “Rename” option, and entering the name of your choice for your calibration.

Summary of the method

The method includes one single measurement condition, in air path. The total measurement time
is just less than seven minutes per sample, and preliminary results can be seen after only a few
seconds. The sample spinner is used to compensate for any residual sample heterogeneity. The
fixed conditions and regions of interest used in this method are shown in Table 1.
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Table 1: Method parameters

Analyte Region of interest | Condition name | X-ray tube current Path Measurement time
(LA) (seconds)
Ai203 Al Ka
SiO; Si Ka Al-Fe Al
CaO CaKa (10kV no filter) = i e
F9203 Fe Ka

Preparing the instrument

Before making any measurements in the calibration it is advisable for the instrument to have been
switched on for at least two hours to achieve temperature stability.

Preparation of standards

Calibration standards should be well analysed, production samples with concentrations that evenly
span the range of interest for all analytes. Production samples are used so that the mineralogy of
standards matches that of unknowns.

Standards and unknowns are measured as 40mm-diameter pressed pellets in the Oxford
Instruments pellet holders (Part number Q59). Many cement companies have established
techniques for preparing such pellets. Refer to method sheet XRFMS002 to confirm these
techniques are suitable for the X-Supreme. When there is no existing method, grind the samples
in a swing mill before pelletizing using a hydraulic press (See method sheet XRFMS002). A
grinding additive is useful to prevent the sample clogging the mill and to help it bind into a pellet.
The best type is one available as tablets of precise weight so that only the sample needs weighing.
Oxford Instruments can supply such a grinding/binding aid in tablet form (Part number CM0039).

Calibration

Measure at least ten standards. To do so, select your copy from the methods list, highlight and
click “Measure Standards”. At that time, you can:

= |f the standards data already exist in the database: Answer “No” to the “Do you want to add
new standards?” question. Tick the Filter Type required so that your standards appear in the
available standards list. Highlight each standard you wish to use for your calibration and click
on “Add to calibration” to include it in your calibration standards list. When you have selected
all the required standards, click “Next”. Position each standard on the screen tray by
highlighting the sample tray position, highlighting the corresponding standard and pressing
the “>>" key. Press “Next” when all standards are positioned on the screen tray. Place the
standards on the instrument tray and press “Start” to start the measurements.

= |f the standards data do not exist in the database: Answer “Yes” to the “Do you want to add
new standards?” question. Enter the name of the first standard and press “Next”. Enter your
standard’s concentrations and press “Next” again. You may now enter Standard Qualities
criteria for the standard (e.g. matrix type, quality). The criteria entered will be used in the
database search engine. When the entry is complete, press “Finish”. A green tick appears to
show the standard data have been saved. Click “Add New" to enter the next standard. Repeat
the same procedure for all standards, then click “Close”. Press “Next” and position each
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standard on the screen tray by highlighting the sample tray position, highlighting the
corresponding standard and pressing the “>>" key. Press “Next” when all standards are
positioned on the screen tray. Place the standards on the instrument tray and press “Start” to
start the measurements.

When all standards have been measured, return to Method Setup and Regress. A linear (no
correction) calibration will be set as default for all analytes. Only Fe203 requires a correction.

To apply the correction for Fe,0s, select “Fe203" from the analyte drop-down list. Press “Edit
Regression” and select “Intensity” from the Model drop-down list. Highlight “Ca K" in the
“Available” column and press “>>" to select it for the correction. Press “OK” to apply the correction
model.

If the results are not satisfactory (see Table 2: Typical calibration performance for XSMET-03A.V5)
you can experiment with deletion and re-measurement of standards or inclusion of additional
ones. If you wish to do so, close Regress, save your regression data when prompted and proceed
in "Measure Standards”.

A History page and a Summary page are available in Regress to help you track changes and assess
performance. Make sure that you return to Regress and save the regression after every change
you make in the calibration standards.

When you are satisfied with your calibration results, close the Regression menu and answer “Yes”
to save the regressed data.

Table 2: Typical calibration performance for XSMET-03A.V5

Analyte Range Standard error | Guaranteed limit Precision Measurement
of calibration | of detection (3c) | (95% confidence) time
(% m/m) (% m/m) (% m/m) (% m/m) (seconds)
Al,Og 39-7.1 0.2 n/a 0.13
SiO, 18.6 —22.4 0.3 n/a 0.13 300
CaO 57.6-67.9 0.5 n/a 0.05
Fe,Os 0.2-31 0.04 0.008 0.01

The precision was calculated from 10 repeat measurements of a standard containing 4.3% Al>Os,
20.6% Si02, 62.3% CaO0, and 2.7% Fe;0s.

It is good practice to run validation samples and save their results to ensure you have all the data
you need to integrate your X-Supreme into a quality system.

Setting up samples and Restandardisation

This method uses two setting up samples (SUSs) for restandardisation, SUCMO03B and SUCMO04B.
These act as high and low reference points for each calibration line.

After finishing the regression, proceed directly to “Measure SUSs”. The SUSs usage, their

measurement current and time are pre-assigned (details in Table 3). Click “Next” and assign the
SUSs positions on the tray.

Place the two SUSs on the instrument tray. Close the lid and press “Start” to start the
restandardisation measurements.
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When the restandardisation is complete (the whole process takes about sixteen minutes), your
calibration is ready to be used for routine analysis. To return to the main analysis menu, press
“Back”.

Table 3: Measurement times and tube current used for SUSs

SUS Condition Measurement time Tube current
(seconds) (LA)
SUCMO03B Al — Fe Cement air path 400 60
SUCM04B Al — Fe Cement air path 400 50

Setting up a Quality Control routine

If you wish the X-Supreme to be part of your quality control system, you can assign a quality
control (QC) check sample to the calibration method. To do so, go to “Method Setup”, select your
method then “Define QC Check Sample”. You can then specify an existing standard as a QC sample
or enter data for a new one. Specify the target concentration for the QC sample, and the warning
and action tolerance values. Restandardise when the QC check sample results are outside the
tolerance limits.

Parameters for routine analysis

The results format for the screen display is set as “Default” in the method. You can change it if you
wish to use other formats. To do so, select your calibration and “Edit Method” in the “Method
Setup”. Highlight “Save Method” in the method browser (left hand-side column). There you can
change and/or add results report output formats.

You can also add automatic calculations to the method (e.g. lime saturation factor), using the
Post-Analysis Calculations function in the Method Editor.

After the method is saved, it appears in the methods list available on the main analysis page and
can be used for routine analysis. To measure a sample, select its tray position, enter the sample
name (Label), select the method you wish to analyse it under from the Method drop-down list, and
click on “Accept” to confirm the entry. Place the sample on the tray in the correct position. Repeat
this procedure for all samples. When they are ready for measurement, close the instrument’s lid
and press “Start” to begin the analysis run. Preliminary results will appear after only a few seconds.

Note: You can edit the sample position on the tray when you go to “Edit Tray”.

It is good practice to store your calibration data and sample results in a separate file location for
eventual backup.

© Oxford Instruments Analytical 2016. All Rights Reserved.
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Method Sheet
XRFMSO007.V1

Guidelines for sample film handling

This method sheet illustrates the correct procedure for handling X-ray fluorescence
(XRF) sample film when preparing cups and secondary safety windows.

Following this procedure will help you avoid touching the film with fingers

(reducing contamination of the film), avoid wrinkles and tears in the film
(reducing risks of leakage through the film).

2 3

. (
<!
=

Squeeze the box lightly to
hold the roll in place while
you tear the film off.

Note 1: When you use a new roll of sample film, please restandardise your
analysis system using setting-up samples (SUSs) prepared in cups and
secondary windows (where required) fitted with the new sample film.

Note 2: If you change your existing film for another film material or
thickness, please re-calibrate your analysis system with standards and
setting-up samples prepared in cups and secondary windows (where

required) fitted with the new film material.
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Method Sheet
“A ¥ XRFMS005.V1

struments setting up samples (SUS's) are an essential part of quantitative analysis for all of
reldnstruments XRF spectrometers and are normally supplied with the instrument. During the

calibration their measurement provides the sensitivity and background for each analyte
element. Thereafter, whenever it is necessary a new measurement of them will allow the software to
quantify any change in the instrument’s performance and apply a drift correction. This is the
procedure for “restandardisation”. SUS's have to give signals similar to the calibration standards
although it is sometimes necessary to have a number of SUS’s and divide the elements between them.
We offer many different SUS’s to cover the diverse applications of our XRF products. This is possible
because we mainly, use fusion beads, which can mimic many different materials.

~ Handling

C Id the SUS’s by the side. Avoid the “glassy” face (opposite the end with the engraved label).
. place the face down on any surface. Although the glass bead is slightly recessed, it has a
onvex surface and its centre may protrude beyond the holder.

Measurement

Before measurement wipe the surface with a tissue moistened with alcohol. Each setting up sample
has a reference mark on the rim at the top. For manual insertion align this mark with the arrowhead
on the instrument. When working with an autosampler align the mark with the centre of the tray.

~ Storage

R@liow the SUS's to be wetted by any liquid (except for cleaning). Do not allow the SUS's to
A" M*a damp or humid atmosphere -moisture will attack the beads causing efflorescence. Do not
ich the glassy surface - finger perspiration will cause contamination by chlorine and corrosion of the
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Cleaning

Slight tarnishing of the surface can be removed by vigorous polishing using
a “"cotton bud” wetted with water and covered with an abrasive paste. This
paste is prepared with lithium tetraborate powder (similar to the
composition of the bead) and water. It is free of any interfering elements.
Remove any residue of the paste with a tissue moistened with water
followed by wiping by a tissue moistened with alcohol.

Note: Lithium tetraborate powder is available from Oxford Instruments,
Part Number QX3004.

Note: "Water” means deionised or distilled water.

Finally

If any changes are permitted to occur to a SUS then this will affect all
subsequent analysis and a complete calibration with all the original
standards will be necessary.

Oﬂord Instruments, at High W UK, Quality Systems approved to the requirements of BS EN 150 5001. This publication is the
ight of Oxford Inslrurnems Analytical Limited and provides outline information mrge\amlch (unless agreed by the company in writing) may not be used,
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Method Sheet

XRFMS002.v1

:Preparation of Pressed Pellets for use with XRF
Spectrometers

Introduction

is method sheet gives details of the various techniques used in the production of
_ b ressed pellets. Specific information is given for sample matrix types typically

_ etermined using the Oxford Instruments’ range of XRF spectrometers.

ample Preparation Equipment

his method requires sample preparation equipment capable of grinding geological
‘material, such as rocks and soils, to a particle size of <50pm. A tungsten carbide ring
and puck mill with a minimum capacity of 50cm? is recommended. All techniques
used in this method sheet use a tungsten carbide grinding surfaces.

A press capable of 25 tonne force and 31.5, 36 or 40mm (part numbers: QX1014,
1002 and QX1014) briquetting die for preparing pressed powder pellets is
essary, together with:

;Appropriate aluminium backing cups - Part Numbers: QX1014/1000 (31.5mm),
QX1001/600 (35mm), QX1015/600 (40mm)

» Wax pellets, Oxford Instruments’ part number CM0039 per 5000.

~ Accessories that may be useful:
Boric acid backing die insert, part number B6057 for use with QX1014 pelletising die
and ED2000 only.

Sample Preparation Theory
To obtain precise analyses using the technique of pressed pellets it is essential to
follow a number of principles governing sample preparation for XRF spectrometry.

(i) The particle size of a sample has a large effect on element sensitivity.
(ii) The particle packing density of a sample has a large effect on element sensitivity.

(iii) The lower the atomic number the greater the effect sample preparation has on
element sensitivity.

The above three principles are related, with the first two controlling the third to a
large extent. In all cases the reduction of a sample to an even, reproducible particle
size will determine the performance of this method.

OXFORD

INSTRUMENTS
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Before taking a sample to be prepared for XRF analysis, bulk and analytical sample size(s) and their
relationship to accuracy, precision and detection limits must be assessed. i.e. the analysis of
heterogeneous bulk samples cannot be accurately determined from a single small analytical sample.

Using a suitable grinding mill, as advised by Oxford Instruments’, the particle size of a geological
matrix type sample should be reduced to <50pm particle size (i.e. capable of passing through a 325
mesh or 43pm sieve). This is achieved by milling a suitably-sized sample, in relation to the mill capacity,
for a specified time. Various grinding aids can be used during this process.

The milling times are related to the overall hardness of the sample and/or the differential hardness of
the mineral phases present.

The resultant powdered sample is transferred to a pellet die and pressed at a minimum of 15 tonnes
pressure. Typically, 20 tonnes is used. The sample can be pressed into any one of the following forms:

a) Aluminium backed pellet
b) 40mm steel ring supported - 14mm high.
a) Boric acid backed pellet

b) Non-backed pellet (using liquid binder )

Aluminium backed pellets
This type of pellet is the most commonly used as it is robust and simple to prepare. The manufacturer’s

Table 1 - Special preparation techniques

Matrix Sampk_e Grinding basn_ed on Grinding notes
type preparation 100cm? mill
Raw meal | Add 5 wax tablets | Mill tablets and sample |Grinding time will vary
cements |to 20.000g sample |for minimum of 5 with conc. of free quartz.
minutes

Finished |[Add 5 wax tablets |Mill tablets and sample S intensity will decrease

cement |to 20.000g sample |for 5 minutes with time.
Silica Add 7 wax tablets | Mill tablets and sample
sand to 20.000g sample |for 4 minutes

Note : The above table of techniques must only be applied to matrix types
measured using calibration methods, they are not suitable for the
fundamental parameter technique.

instructions should be followed when using milling and pressing equipment.

Of the three common pellet sizes, the smallest (31.5mm) applies only to the ED2000. The other two
(35mm and 40mm) apply to both the Lab-X 3500 and MDX1000 for normal operation. However, only
the 40mm size is recommended for routine use where an autosampler is fitted.
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Grinding requirements:

Samples should be dry. Any matrix type that has not previously been ground should first undergo a
series of tests. These tests will determine the minimum grinding time required to achieve firm,
reproducible pellets. Samples should not exceed 50% of the mill capacity (typically 20g ). Samples are
milled for a known time (starting at 2 minutes) and pressed at 20 tonnes force. Successively longer
milling times are used, increasing the time by 30 seconds, to a maximum of 10 minutes. By measuring
the countrate (cps) of the critical element(s) that are of interest or required, the optimum grinding
time is determined as the point at which the countrate for all these elements changes by the least
amount. A plot of intensity versus grinding time will show the optimum time to use. This may be a
compromise because not all elements will give a maximum intensity together.

All pellets made in the above test must be robust. If after 10 minutes milling, pellets fail to be robust,
then alternative methods of pelletising may be required.

For many matrix types the ground sample can simply be placed into a pellet die and pressed. For a
number of specific matrix types this is not possible without adding a grinding/binding agent. Table 1
gives details of matrix types and special sample preparation requirements needed to make aluminium
backed pellets.

Sample pressing:

Using an appropriate pelletising die (see page 1) construct the die according to the manufacturer’s
instructions. Place an appropriately sized Al cup into the die. Pour enough prepared powdered sample
into the die such that the depth of powder is approximately twice the depth of the Al cup.

Insert a clean die face and plunger and press at 20 tonnes force. Using the tools provided by the
manufacturer, remove the pellet slowly. Ensure that it does not fall onto any surface and crack, and
that the analytical surface is not touched. The thickness of the pellet should not typically be less than
3mm thick to produce robust pellets for X-ray analysis.

The die must be cleaned thoroughly between each pellet. Plastic dish-washing scourer’s have been
found very effective for this. Do not use abrasives or metal objects to clean the dies as these will
damage the die surfaces and affect the making of pellets.

The amount of powder used to produce a pellet will vary for each matrix type. Generally, the lighter
the matrix the greater the volume of powder that is required. i.e. - silica sand may need 3 to 4 times
the volume of the aluminium cup to produce a pellet, whereas metal powder usually only needs the
volume of one aluminium cup.

Steel Ring supported pellets

These pellets are produced for use with proprietary automated sample systems. The ring is usually
40mm outside diameter and 14mm high. The rings are designed to be re-usable. The sample
preparation is the same as that for the aluminium backed pellets.

Boric Acid backed pellets
Pellets using this process are normally restricted for use with the ED2000 as the boric acid pellet insert
provided is only suitable for the 31.5mm die.

The main advantages over aluminium are that the boric acid binds with the sample preventing flaking
and breaking at the edges of the pellet and that small samples can be accommodated. However the
disadvantages are that they are difficult and time consuming to make and contamination of the
sample with boric acid is probable if recovery of the sample from the pellet is required.
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Grinding requirements:
Sample preparation is the same as for the aluminium, backed pellets.

Sample pressing:

The Oxford Instruments’ boric acid pellet insert is designed to be used with dies supplied through
Oxford Instruments’. Put together the sample die according to the manufacturer’s instructions in the
same way as for aluminium backed pellets. Place the outer ring insert into the die. Pour approximately
5g of sample (will vary for different matrix types) into the insert. Using the solid plunger, gently hand
compress the powder whilst holding the outer ring insert firmly in place against the base of the die.
Very slowly remove the plunger using a twisting action. The compressed powder must not be
disturbed or loosened. Remove the outer ring insert, again by a gentle twisting action. The powder
must remain as a disk at the bottom of the die, separated from the sides by the equivalent thickness of
the outer ring insert. The disk should not be less than 3mm thick at this time. Pour sufficient boric acid
powder over the sample disk to a depth of about 1.5cm ensuring that the space around the sample
disk is filled. Place the remaining die components (second die face and plunger) into the die and press
at a minimum of 20 tonnes force. Remove the pellet as per the manufacturer’s instructions. Clean all
the sample preparation equipment. Pay special attention to the boric acid pellet insert i.e. ensure that
the plunger and insert freely slide into one another.

Pellets using liquid binder

The making of this type of pellet is covered by a separate method sheet (XRFMS001) as there are
solutions to prepare. The use of liquid binder in the production of pellets is required in a number of
specific circumstances. These are as follows:

1. Samples which are to be measured using the technique of Fundamental Parameters (FPt) and will
not form pellets without some form of binder.

2. The elements of interest are diluted beyond acceptable levels if other grinding/binding methods of
sample preparation are used (i.e. see table 1).

Grinding requirements:
These are the same as for the aluminium, backed pellets except that grinding aids or binding agents
must not be used.

Sample pressing:
These are specified in the separate method sheet (XRFMS001) and are different from those of other
techniques.

Useful information

The most common reason for the failure to produce a robust pellet is the particle size of the sample. A
good test for particle size is referred to as the 'finger test’. Your fingers are capable of sensing even
pm particle size differences. Take a small portion of the powdered sample, taking account of any
harmful aspects of the sample (place sample into a thin plastic bag if necessary) and roll the powder
firmly between index finger and thumb. If the sample feels and remains gritty then the sample is too
coarse. Discard this test sample and mill the sample for a longer time. The correct particle size will be
determined when no appreciable grittiness is felt using the above test, i.e. the sample feels like talc
and slips between the index finger and thumb.

A less common problem in failing to produce a pellet is that the die faces
that come into contact with the pellet are badly scratched. This causes the
pellet to stick to the die and on release the pellet surface is damaged. Die
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faces can easily be re-polished. To reduce this problem tungsten carbide die
faces can be used as these are rarely scratched (the standard die faces are
stainless steel).

The internal bore of the die will become scored over a period of time as the
die faces grind sample against them. This is the factor that determines the
life of the die. Once the scoring becomes severe, removing the pellet will
cause it to catch on the damaged die surfaces breaking the pellet or
distorting the aluminium backing cup. This will cause the pellet to crumble
around the edges or break after removal and the die must be replaced.

Samples should be dried before pelletising. If the sample is damp then it is
likely to stick to the die face. Removal usually destroys the pellet.
Alternatively damp pellets if left to dry will often crumble.

Pelletising ashed (i.e. ignited at >900° C) samples can be problematical.
Material such as cements and carbonates are chemically unstable in their
ignited form and will degrade (e.g. absorb water) in a short time.

To limit these effects pellets should be measured as soon as possible after
pelletising and stored in a desiccator.

The die must not be used as a heat mould. Coarse plastic granules cannot be
pressed in this type of die. Placing the die in a furnace at high temperature,
i.e. >300° C, will cause distortion and ruin the die.

Many pelletising dies are available. In selecting a suitable die, consideration
should be given to the following,; Die material, i.e. it must not be corroded
by the samples, or by water - stainless steel is usually preferred, It must be
engineered to high tolerances, i.e. the die faces must fit tightly into the die
to reduce scoring, It must be able to be used with common XRF accessories
such as aluminium backing cups.

For further information on pressed pellet sample preparation, users are
recommended to use the following reference book:

Handbook of X-ray Spectrometry, methods and techniques. Edited by R E Van
Grieken & A A Markowicz. Practical spectroscopy series V.14. ISBN 0-8247-
8483-9.
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X-Supreme Radiation Safety Features

Introduction

The X-Supreme 8000 is an extension to the
range of Twin-X benchtop XRF analysers
manufactured by Oxford Instruments.

The Twin-X can contain one or two analysis
heads; each head is fitted with a TF Series
Potted X-ray tube manufactured by Oxford
Instruments X-Ray Technology Inc. The
available X-ray tube target materials are Pd
and Ti. One of the analysis heads has a gas
filled proportional counter and the other has a
small PIN detector.

On the X-Supreme, which uses the same
chassis as the Twin-X, the PIN detector has
been replaced by a Si Drift Detector (SDD).
The SDD is similar in size to the PIN and is
not considered part of the radiation shielding.
The configuration is such that only one
analysis head can be fitted to the instrument
which can either be the standard Twin-X head
with gas filled proportional counter or the
head fitted with SDD. Additionally W has been
added to the available X-ray tube target
materials to extend the range of applications
that can be offered. The W tube has the same
general construction and is made by the
same manufacturer as the existing Pd and Ti
target tubes.

A sample is irradiated with X-rays from a X-
ray tube and secondary X-rays characteristic
of the elements present in the sample are
emitted and collected in a detector.

The X-ray tube is contained within a fully
shielded and interlocked radiation enclosure.
The top section of the enclosure has a lid that
is opened by the operator for sample loading.
Safety features of the lid design are very
similar to those adopted on the Oxford
Instruments’ ED2000. The lower section of
the enclosure is locked and only accessible to
an Oxford trained engineer, the design of this
lower section is very similar to that used on
the Oxford Instruments’ Lab-X 3000. Both
ED2000 and Lab-X 3000 have been in
production for more than 10 years and have
an excellent track record for radiation safety.

Stray radiation measurements were carried
out using a Series 900 mini-monitor with 44B
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probe. This is a very sensitive monitor and
every Twin-X is tested before leaving the
factory to ensure that there is no more than
300cps, measured a zero distance, from any
accessible surface of the instrument — this
equates to a maximum dose rate of 0.1uSv/hr
at zero distance.

An X-Supreme fitted with an analysis head
containing a W target X-ray tube and SDD
was operated at the maximum power of 30kV
100pA and with no primary beam filtration.
The maximum leakage measured zero
distance from any accessible surface of the
instrument was no greater than background
(<10cps on mini-monitor).

X-ray Generation

The X-ray tube is a TF series manufactured
by Oxford Instruments X-ray Technology. A
section through the tube is shown in drawing
LX6856-3. It is operated with positive anode
(target) and grounded filament. The target
can be Pd, Ti or W depending on the
application. The tube is potted with silicon
rubber and as such is not radiation shielded.
The maijority of X-rays generated within the
tube are emitted from the beryllium exit
window, however, at higher anode voltages
some X-rays are emitted through the
glass/rubber body of the tube.

As on Twin-x, the X-ray tube is operated up to
a maximum anode voltage of 30kV and
maximum power of 3W i.e. 100pA at 30kV -
cooling is provided by a small fan. The HV
supply is a XMP30P3/15 manufactured by
Spellman which is also rated at 30kV 3W
maximum. Filament current is generated
independently on the Tube Control board.

Mechanical

The mechanical construction of X-Supreme is
shown on drawing LZ1161. Sheet 1 gives a
general overview showing where the radiation
enclosure is located within the instrument and
also shows the position of the two X-ray
warning lamps. Sheet 2 is the general
assembly of the radiation enclosure with
Sheets 3 and 4 giving details within the
enclosure.
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X-Supreme Radiation Safety Features

The X-ray tube is fixed at its window flange to
a brass mounting block. Primary X-rays from
the beryllium exit window pass through an
aperture before irradiating the sample. The
X-ray tube/detector assembly is fixed to the
underside of an aluminium top plate. The
other side of the top plate supports a multi-
position sample turntable. The top plate is
fixed between the lower section of the
radiation enclosure and a radiation loop. A
metal lid is attached to the main chassis of
the instrument by a rear pivot rod and when in
its closed position completely overlaps the
radiation loop with minimal clearance. The
radiation loop and lower section of the
radiation enclosure are secured to the main
chassis of the instrument with tamperproof
screws. A Guardmaster Trojan 5 safety switch
is fixed to the front of the radiation loop by
tamperproof screws. The actuator for the
safety switch is welded to the lid and is the
primary safety interlock of the instrument. An
additional Guardmaster Imp safety switch with
roller actuator is fixed to the chassis and is
activated by a cam soldered to the lid. This
second safety switch acts as a backup to the
primary interlock switch.

Both lid safety switches are “closed” when the
lid is down. The contacts are forced open
when the lid is lifted - this is to avoid the
possibility of the contacts welding. Also they
fail to safety if, for example, any of the
connecting wires get detached. The X-ray
warning lamp uses the auxiliary normally
open contacts of the front safety switch.

The main components of the radiation
enclosure are all at least 1.5mm thick mild
steel. The metal lid has a plastic top cover
secured with tamperproof screws which
prevents accidental removal of the nut holding
the rear pivot rod in place.

The lower section of the radiation enclosure
which contains the X-ray tubes has internal
baffles which allow cables to pass from the
enclosure without leakage of radiation
scattered from the sample or emitted from the
unshielded body of the X-ray tube.

During operation there is no requirement for
access to the lower section of the radiation
enclosure. Also all internal fixings which relate
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to radiation shielding are secured from within
the enclosure and cannot be removed or
dismantled from outside. The radiation
enclosure has a bottom cover which is locked
and the key is only supplied to approved and
trained engineers. The design of the bottom
cover includes overlapping joints to prevent
scattered radiation from escaping.

The lock cam plate acts on an interlock micro-
switch and the plate must be fully engaged in
the lock switch bracket before the key can be
removed. When the micro-switch contacts are
opened, by inserting and turning the key to
remove the cover, the HV supply to the X-ray
tube is switched off. The HV supply can only
be switched back on from the instrument
keypad after the interlock is remade.

An additional micro-switch is activated when
the radiation enclosure bottom cover is
correctly in position. This interlock switch is in
series with the filament drive of the X-ray tube
and therefore is completely independent of
the HV interlock. The bottom cover micro-
switches are normally open so if they are
disconnected they fail to safety. Also they are
mounted in such a way as to be difficult to
override without the cover in place.

The filament leads from the tube is only
50mm long and therefore it is impossible to
operate the X-ray tubes when it is removed
from the enclosure.

Safety Interlock Circuit
Description

A schematic diagram of the electrical interlock
circuit is shown in drawing ZX1166-1.

The X-ray HV supply derives its power from
+15V and outputs are controlled by a low
voltage input signal Vprog.

The primary interlock is the lid front safety
switch. When the lid is opened this switch
removes the +15V from the HV supply and
also grounds Vprog via relay RL2 therefore
preventing X-rays from being generated. The
secondary interlock is the safety switch at the
rear of the lid. When the lid is opened power
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is disconnected from RL1, 3 and 4 which also
removes the +15V from the HV supply.

Internal access to the radiation enclosure is
by removal of the bottom cover which is
locked. Turning the key to open the cover
breaks a micro-switch, which provides an
input to U5 and has the effect of de-
energising RL1, 3 and 4 therefore removing
power to the HV supply. The micro-switch
input to the logic is taken to +5V through a
pull up resistor so that the circuit fails to safety
if the micro-switch is disconnected. When the
radiation enclosure cover is removed this also
opens another micro-switch, which is in series
with the filament drive of the X-ray tube again
preventing X-rays from being generated.

When all the interlocks are in place, a
microcontroller on the X-ray Tube Control
board provides a signal to turn on HV power
supply 1 via Q3 and RL1 (when F5 Analysis
Head is fitted) or HV power supply 2 via Q4
and RL3 (when SDD Analysis Head is fitted).

The operator has a visual indication of the
generation of X-rays within the instrument by
two LED panel warning lamps on the top
cover. The warning lamps are part of the
interlock system and the circuit detects
current flowing through the lamps. To initialise
the system a short duration start pulse is
triggered by either X-ray tube 1 (if
proportional counter head is fitted) or X-ray
tube 2 (SDD head is fitted) enable signal
which activates the relay drivers provided that
both the lid and cover interlock switches are
in the closed (safe) position. The relays
provide the +15V to the appropriate HV
supply but additional contacts simultaneously
complete the warning lamp circuit. Actual
warning lamp current maintains the interlock
relays after the start pulse has finished
provided the current remains above the
required threshold. If one of the interlocks is
interrupted, X-ray generation will be disabled
and will not continue when the interlock is

54-ZX1267

v1.1

restored until the operator restarts the
measurement thereby generating another
start pulse.

Operation

X-ray tubes are widely used in XRF analysers
but these usually operate at higher potentials
and power than on the X-Supreme and often
remain energised between measurements to
maintain instrument stability. A consequence
of using a low power tube is that it can be
switched off when not needed, a condition
which obviously gives zero external dose rate.
A typical measurement sequence will take
about three minutes and users will probably
analyse about twenty samples per day.

Operation of the X-Supreme is largely under
the control of an inbuilt microprocessor. After
loading one or more samples onto the
turntable and closing the lid, the operator
starts an automatic sequence whereby the
motorised turntable transports the sample to
either of the X-ray tube/detector positions.
The high voltage and emission current for the
X-ray tube is then ramped to predetermined
levels. The analysis is then carried out and
the X-ray tube switched off before returning
the turntable to its initial position. If the lid is
lifted before the measurement is complete the
interlocks switch off the X-rays. Any fault
condition in the sequence also turns off the
X-rays and the cause of the malfunction is
displayed.

X-Supreme Radiation Safety
Documentation

ZX1161-1 Twin-X Radiation
Drawing

ZX1166-1 Safety Interlock Circuit
LX6856-3 TF Series X-ray Tube
Outline
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X-RAY WARNING LAMPS x 2

TOP COVER (Foam moulding)
(Secured to turntable metal lid
using System Zero tamperproof screws)

TURNTABLE METAL LID

GUARDMASTER SWITCH ACTUATOR
(Secured with nuts welded in place)

RADIATION LOOP
(Secured to radiation enclosure using
System Zero tamperproof screws)

GUARDMASTER SAFETY SWITCH
(Secured to radiation loop using
System Zero tamperproof screws)

@\SAM SPINNERS
SAMPLE TURNTABLE

RADIATION ENCLOSURE

MAIN CHASSIS
(Aluminium casting)

MAIN COVER

R
{\._.;) /’<\_
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(Foam moulding)
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SAMPLE SPINNER ASSEMBLY

NOTE:

| When both analysis heads are fitted either a sample
spinner assembly or sample plane mounting plate are

used. If only 1 head is fitted a blanking plate is used.

BLANKING PLATE
1.2mm aluminium alloy

SAMPLE PLANE MOUNTING PLATE
1.2mm aluminium alloy

TRIM PLATE
1.2mm aluminium alloy

ANALYSIS HEAD 1
Mounted on underside of top plate

ANALYSIS HEAD 2
Mounted on underside of top plate

TOP PLATE
3mm aluminium alloy

RADIATION ENCLOSURE

iy
‘ 1.5mm mild steel
BAFFLE PLATE
1.5mm mild steel

RADIATION ENCLOSURE COVER ©
1.5mm mild steel

HV INTERLOCK ACTUATOR

O\/< I:D |’{D hisdraving s the propary of IR0 AMGEPROECTON pRAwN: P, SLIGHT | DATE: _ 11/09/02 SHEET 2 OF 4
FILAMENT INTERLOCK s TR e T [ et DO TWIN-X RADIATION DRAWING | g ne
ACTUATORS ANALYTICAL LTD o M e ™ | 1F 14 DOLIBT ASK 2 ZX1161-1
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Product Information - Analytical

Halifax Road OX r@
High Wycombe HP12 35E UK
H Tel: +44 (0) 1494 442255 INSTRUMENTS
Instrument shipment Fax 44 (0) 1494 461023

Email: analytical@oxinst.co.uk
www.oxford-instruments.com

Fitment of additional key switch to the X-Supreme 8000 instrument

June 2011

Please note that the X-Supreme8000 now incorporates and additional key switch, (located on the front of
the instrument), which must be in the “enable” position, before the X-Supreme can make any X-ray
measurements. Note: Full details on the operation of the key switch are described in the user manual

Figure 1: yswitch located on the front left hand side of the instrument.

If it is required to prevent any measurements being taken on the X-Supreme, then the key can be rotated

to the “X-ray disable” position and removed from the instrument. Note: The key cannot be removed when in the
“enable” position.

Thank you
Page 1 of 1 Oxford Instruments Analytical Limited
Ref:XRF-PI-1002 Registered office Tubney YWoods
Date January 2010 Abingdon, Oxon OX13 5QX
© Oxford Instruments Analytical Limited, 2010

Registered in England, number 1468532
A subsidiary of Oxford Instruments plc
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Product Information Industrial Analysis

Email: industrial@oxinst.com Vs
www.oxford-instruments.com

INSTRUMENTS

The Business of Science’

X-Supreme 8000: introduction of Microsoft ™ Windows 7
operating system

Date: July 2014

This is to advise that the X-Supreme supplied is now fitted with Microsoft™

Windows 7 operating system which replaces the previous Windows XP
operating system.

There is no change in the functionality of the X-Supreme operating software
and the only difference seen by users will be when shutting down the software. <&

On shutdown with Windows XP the message “It is now safe to switch off your
computer” is displayed and the user switches off the X-Supreme at the back of the instrument. For

Windows 7 on shutdown no message is displayed so in this case simply switch off the X-Supreme
at the back of the instrument as before.

Thank You

Oxford Instruments Industrial Products Limited
Registered office Tubney Woods
Abingdon, Oxon OX13 5QX

Registered in England, number 1468532
© Oxford Instruments Industrial Products Limited 2014 A subsidiary of Oxford Instruments plc
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Oxford Instruments (Shanghai) Co., Ltd
No.129, Lane 150, Pingbei Road,

P ro d u Ct Minhang District, Shanghai, 201109, China
H Tel: (021) 64908280 Fax: (021)
I n fo rma tl on 64904042 The Business of Science

Email: china.info@oxinst.com
www.oxford-instruments.com

X-Supreme 8000 Software Virus Scan report

Dear Customer
To ensure the highest level of software security, one of the final X-Supreme8000 instrument
production checks is a full anti-virus software scan. The following gives the details:

INSTRUMENT SERIAL NUMBER: X16104

ANTI-VIRUS SOFTWARE: 4.89.0
DATE & TIME SCANNED: 27.Dec.2016
TOTAL FILES SCANNED: 32387
VIRUS FOUND: 0

The above check ensures that the X-Supreme8000 is supplied virus free. Note: It is the responsibility of the user
to ensure any USB devices used are virus free.

FOR AND ON BEHALF OF
OXFORD INSTRUMENTS (SHANGHAI) CO., LTD.

VERIFIED BY:

Scanned by: é )4 o Bm 5}?_Reviewed by: :Wj?(m 5

Date: Q?- Do/ &Owé Date: .7 |, 2016

L
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X-Supreme Measurement System
X-ray Radiation Survey Form
Doc.No: 51-XSU-02-0001-AA

Introduction:

This survey form must be completed as the last step of the final test before packing
the instrument for dispatch. An instrument must not be handed over to a customer
until all radiation safety checks pass successfully.

Required tools:

Instrument Ludlum Model 3 Survey meter

With probe model 44-7 or model 44-9.

Nylon sample when testing. Part number: 54-2X1223-1.

Test Instructions:
o Set the system under test to maximum power, 30kV, 100pA.
¢ Use Nylon sample when testing.
e Readings are taken at all numbered observation points (see photos on next
page). The highest reading for each side is recorded in the test table.
¢ The distance between the probe and the instrument must be less than 30 mm
when the reading is taken.

o NOTE! Highest reading (background + emission) must be less than 0.3
mR/hr at 30 mm.

NOTE:

This safety inspection is being provided as a reference in relation to the annual
certification, repair, or initial installation on your x-ray system. It may not replace your
particular state’s requirements for radiation safety. Contact your state agency for
further information.

Photo of nylon test sample:

A printed copy of this document is uncontrolled. Refer to the electronic version for revision changes.
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OXFORD

INSTRUMENTS

X-Supreme Measurement System
X-ray Radiation Survey Form
Doc.No: 51-XSU-02-0001-AA

X-ray Serial #: 122742
X-ray model #: X-Supreme
SurveyMeter Manufacturer: Ludium
Measurements
INC.

Survey Meter Model #: Model 3
Survey Meter Serial #: 274643
Survey Meter Due Date:  27.0ct.2017

Technician: YX
Survey Date:  27.Dec.2016
Lid Interlock OK (yes/no): Yes
Highest reading top: 0.04mR/hr  Max 0.3 mR/hr
Highest reading back: 0.02mR/hr  Max 0.3 mR/hr
Highest reading left side: 0.03mR/hr  Max 0.3 mR/hr
Highest reading bottom: 0.02mR/hr  Max 0.3 mR/hr

A printed copy of this document is uncontrolled. Refer to the electronic version for revision changes.
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Form 1 - Version 4. O I::) f{D

INSTRUMENTS

Manufacturer’s Warranty Activation Form The Business of Science™

Note: This form must be filled out and returned to Oxford Instruments to activate the
manufacturer's warranty.

(Please Complete in English)

Please select: Installation or Pre-Install? Installation Yes / No Pre-Installation Yes / No

Type of instrument:

Instrument serial number:

Installation Accepted & Warranty begins: / I___ _ _ DD/MM/YYYY

End Customer details:

Contact name:

Company name & address:

E-mail address:

Telephone number:

The instrument is now fully operational following the installation and the analyser is
working according to specifications. The user has received all relevant software and

hardware training and is able to operate the instrument successfully.

Site / Office / Location of Instrument:

Representative Name (please print):

Representative / Installation Engineer Name
(please print) & signature:

Customers representative Name (please print) &

signature:

Please return by scanned email attachment to ia.installations@oxinst.com or fax a copy of this form
Fax Number: +49 2825 5358146

IMPORTANT: It is essential that this document is completed by the end customer directly after the installation and
faxed or emailed to Oxford Instruments in order to both activate and protect your manufacturer’'s warranty.
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Form 2 - Version 4. O Fo @

INSTRUMENTS

Q ua | ity Deviation Re po rt (QD R) The Business of Science™

(Please Complete in English)
Sheet 1 of 2

This Quality Deviation Report (QDR) should be completed by the installation engineer
to record any issues experienced or observed during installation of an Oxford
Instruments Analyzer. This document is for Ol employees and distributors. The customer
does not need to sign this paperwork and should not receive a copy. Feedback recorded
on this form will trigger corrective action therefore it is most important to fill this form out
accurately with as much detail as possible to help with the investigation and subsequent
corrective action.

Type of instrument:

Instrument serial number:

Company name (End Customer):

Contact name (End Customer):

Company address:

Please mark only one appropriate statement with an “X" in the box:

= MODIFIED - The instrument is now operational following the installation. The entire
system is now working according to the specification, but there were issues to
address to achieve total customer satisfaction. The user has received all n
relevant software and hardware training and is able to operate the instrument
successfully. Further notes were made and can be found in the attached
Quality Deviation Report (QDR).

= FAILED - The instrument failed to operate successfully during the installation. The n
Quality Deviation Report contains the details and is attached. The time on site was
either extended due to the failure or a return visit is required

Site / Office / Location of Instrument:

Representative Name (please print):

Representative / Installation Engineer
Name (please print) & signature:

Installation Engineer e-mail address:

Please return by scanned email attachment to ia.installations@oxinst.com or fax a copy of this form +49 2825 5358146
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Form 2 - Version 4. OXFORD

INSTRUMENTS

The Business of Science™

Quality Deviation Report ( QDR )

Sheet 20of 2
Type of instrument:
Instrument serial number:
Installation date / period (from / to):
Representative:
End-Customer:

Deviation Descri ption (please specify any issue(s) to be resolved)

Hardware: Fault description Outstanding Action Required:
Software: Fault description Outstanding Action Required:
Analytical Performance: Fault description Outstanding Action Required:
Sales / Support issue: Fault description Outstanding Action Required:
Incomplete delivery: Fault description Outstanding Action Required:

Please return by scanned email attachment to ia.installations@oxinst.com or fax a copy of this form +49 2825 5358146
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