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1 INSTALLATION

1.1 Setting up:

As the device and the furnace are rather light, there are no strong recommendations
concerning the stability of where it is set up. Due to the balance, the platform should be
placed to be as free of vibration as possible. Placing the furnace to the right of the
analyser is generally recommended. The position of the balance is optional. Generally,
placing it on the right is recommended. The size of a desktop is sufficient for the entire
set-up.

Below is an example of installation:
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The environment of the device must not necessarily be air-conditioned, although it is
best if the room temperature remains between 18°C and 30°C.

Under no conditions should the device be placed in direct sunlight !

Avoid places exposed to the wind of air conditioners or to the wind blowing
through open windows or doors.
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1.2 Front panel illustration:
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1.3 Main power connections:

Since the infrared cell requires about 1 hour to reach a stable operating temperature, it is
advisable to connect the analyser to the main power first and switch on before further
installation work is carried out.

This waiting time is only necessary when installing the analyser. Since it is normally not
switched off, and is always in operating temperature.

1 Analysis device 6 Monitor

2 Furnace 7 Triple power outlet
3 Balance 8 Infrared cell

4 Printer 9 Electronic unit

5 Computer

At first only the analyser (1) is plugged in and switched on.
Turn the main switch to position 1 ( stand-by condition ). See 1.2

The switch is situated on the front-side of the device. On the back of the device two
main
cables are mounted. The cable with the L-shaped socket is for the infrared cell ( 8)

The cable with the straight socket is for the electronic unit ( 9 ). Both sockets must be
plugged in !

All the main cables should be connected as shown in the schematic above.

The balance ( 3), the printer ( 4 ) and the computer ( 5) should be plugged into
the triple power outlets ( 7 ) on the rear-side of the analysis device.

The furnace (2) cannot be connected to the power strip (7 ) ! It must be
connected to a separate power point
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1.4 Data Interface:

o ©
é&mjé 0 (555558) O (0\SEE8585855)0 é 0g0 \é
3 2
4 1
5 6
S ER O\ DR )@
.............................................................
o ©

Rear side of the electronic unit:

Power socket for the electronic unit
Computer

Balance

Printer

96 pin connector

37 pin connector

OOk, WNPE

When all the units are connected to the main power, then data connections can be made.
The plugs are all different from each other, so that they cannot be interchanged.

The required data cables are included if the additional units are supplied. These are
adapted to the interfaces when the analysers are put into operation in our company.

Since the balance transfers the weight to the analyser, its serial interface must be
programmed.

The printer is also delivered with the correct settings, e.g. for automatic paper feed.
The printer cable has identical plugs at both ends.

The computer is already provided with an operating system and software for reading
the data from the analyser. The programs are »PLOTCS« and »CSA«
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1.5 Oxygen connections:

The necessary tubes for connecting the analyser to the oxygen supply is shipped with the
device.

The tube connects the device through the fitting ( 1 ) with the oxygen bottle, or oxygen
supply, through a pressure regulator. This connection must be very secure, given that the
operating pressure in the tube is 2 to 4 bar ( 30 to 60 psi).

The fittings ( 2 ) and ( 3) of the analyser should be connected to the corresponding
fittings of the furnace before switching on.
The required plastic tubes are delivered with the analyser.

The tube connection ( 4) is the exhaust for the gas flow system. If desired, the exhaust
can be channelled through a tube into the open air.
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1.6 Adjusting the gas flow:
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The analyser is connected to the oxygen supply. See 1.5

Adjust 2 to 4 bar ( 30 to 60 psi ) on the pressure regulator of the oxygen supply
( oxygen cylinder)

Set the main power switch ( 8 ) of the analyser to position 1
Read 1,5 bar on the pressure gauge (7))

Adjust the restrictor ( 6 ) to read about 200 I/h on the flow meter (5)
furnace temperature.

The pump in the analyser is now in operation and the flow of about 180 I/h is displayed
on the upper flow meter ( 4 ) This flow is electronically regulated. An external
adjustment is neither necessary nor possible.
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1.7 Adjusting the furnace temperature:
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Set the main power switch to position 2

Set the switch ( 14 ) to "Set Point" position

Adjust 1350 on the display ( 15) by turning the potentiometer ( 13)
Set the switch ( 14 ) to "Furnace temperature” position

The display ( 15 ) shows now the actual furnace temperature.

Normal operation temperature for the CS-500 is 1350°C.
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2 OPERATING THE ANALYSER VIA THE PLOTCS SOFTWARE

2.1 Starting the PLOTCS software:

Click on the file PLOTCS and the following window appears:

A PLOTCS - [Ofx]|

PLOTCS

This is the operational software
for the ELTRA C8500, CS300, CS2000 and H500 analysers

7 help |

Please switch on the instrument.

You may start the PLOTCS, once the initialisation
has been completed and Element's symbols

are shown on the LCD display.

7 interface & start

Astart| | 2 @ =3 | [ Protes pold ) 1345

Next click on START and the main window of the program PLOTCS appears:
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| #PLOTCS  JB.  15.01.2002

Numher‘ of lines in PRI]T[:S:
Date of first entry

If the communication between the PC and the ELTRA CS Analyser is in order, then
the main window appears with the function buttons in active state.

From now on, any function can be started, e.g. an analysis
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2.2 Menu:

Time:

PLOTCS can read and overtake the time and date from windows.

Time and date will be entered through the keyboard.

Depending on the windows version ( English, Spanish, German e.t.c. ) the time and date
Factor could very in the sequences.

PLOTCS uses the format:

HH: MM DD:MM:YY

If the windows version you use, has a different format using first the month, then the day
and at last the year, then PLOTCS will show you the wrong date.
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Date:
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Sample count:
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Printer:
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Min. analysis duration:

When no problems occurs, the analysis is finished once the combustion curve
( peak ) has descended to the comparator level ( near zero level ).

The actual analysis duration depends on the type of sample.
The peak starts to rise after the analysis starts.

If, no peak appears before the end of the selected minimum analysis duration, then the
analysis is automatically aborted.

The set minimum analysis time must exceed the time that is needed for the first peak to
appear, or else there won’t be any analysis.

Some samples produce two peaks, with a near zero volt level between them.
In order to prevent the measurement from ending before the rising of the second peak, set the
min. time duration longer than the time needed for the second peak to appear.

Enter the Min. analysis time into the set point area; conclude this session by pressing the tab
or return key, then click on ok.
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uUnits:
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Comparator level:

IR output

time ? =

The comparator level is an artificial zero level, which rests just above the true zero level
( base line ) of the combustion curve diagram.

If the IR-signal level descends to the comparator level before the end of the maximum
analysis time, then the analysis is finished.

The comparator level can be changed, in order to cut-out noise or any other interference,
which rests on the true zero level.

The number entered for the comparator level, corresponds to 0.3 mV per unit.
This means, for instance when entering 150, the level is 150 x 0.3 mV =45 mV.
Please note that the maximum output level of the IR-cell is 10 Volts.

It is reasonable to have low comparator levels for low peaks and high comparator levels
for high peaks, in order to avoid unnecessary long analysing time in case of high peaks
and to avoid too low results for low peaks.

For this reason, during each analysis the electronic detects the peak maximum from each
IR-cell during the ranning analysis, and adjusts the comparator level accordingly.

If the comparator level was constant for high and low peaks, the samples with

low peaks would give low results compared to the results of high peak samples.

The value which has been entered manually corresponds to the minimum comparator
level, which means that the electronic won’t go below that value, regardless how low a
peak is.

For information about setting the comparator level, see next page.

Copyrignt © 2002 by ELTRA GmbH Germany — January 2002 — Operation Manual CS-500 2.2-7



Setting the comparator level:

The comparator level is an artificial zero level, which rests just above the true zero
level of the combustion curve diagram ( on the main window ).

Once the descending slope of the combustion curve has crossed the comparator level,
then the measurement is finished and the results are then displayed.

The comparator level can be changed, in order to cut-out noise or any other
interference, which rests on the true zero level.

Copyrignt © 2002 by ELTRA GmbH Germany — January 2002 — Operation Manual CS-500 2.2-8



Deactivate:

With this function, one or more measuring ranges can be deactivated, In order to
simplify the display of results.
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2.3 Sample analysis:

See also 3.1 “Working procedure”

General information:

With the CS-500 a wide variety of materials can be analysed. The analysing methods are
therefore varied. As different materials burn differently, the chosen sample weight, the
possible accelerators, the procedure for the insertion of the sample into the furnace and,
finally, the sensitivity of the infrared cell will all be different. The user of the device can
receive from us free advice regarding the different methods involved for different materials
see 2.11. The sensitivity of the device® infrared cell is optimised by us, free of charge.

In the following, the procedures are described for the analysis of coal samples.

The temperature of the analyser is stable ( at least one to two hours on setting 1),

The moisture trap ( 16 ) is checked and, if necessary, the magnesium perchlorate is
replaced. See 5.4

The incoming oxygen supply has a pressure of 2 - 4 bar / 30 to 60 psi.

The main switch of the analyser is set to setting 2 for at least 10 to 15 minutes

The analyser is designed for the analysis of organic materials. If other materials need
to be analysed, then extra precautions should be taken, to prevent the furnace and the
gas flow system from contamination by dust or other combustion products. See 2.11
The analysing procedure is described as follows:

Ensure that the carrier gas is connected. See 1. 5 and the “gas flow” 1. 6

As well as the “furnace temperature” 1. 7

Turn the main switch to position 2. the pump starts to work and the gas flow then
circulates. It takes a few minutes until the analyser is ready for function.

Place a combustion boat onto the balance tray.
Press the TARE key of the balance.

A sample of about 0,3 to 0,4 grams is weighed
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Before starting an analysis, a sample needs to be weighed:

Double-click on WEIGHT, or press F4 on the keyboard.
CAUTION: Make sure that you transfer only the sample weight.

If a list of pre-stored weights is needed, ( to analyse some labelled samples at a later stage ),
then click on save weight. Place the sample on the balance, double click on WEIGHT, or
press F4, and the weight will appear on the window next to the WEIGHT button. This way the
weight remains stored.

Load the stored weight value, by selecting it on this window and double-click on it.

This value then appears, as the sample weight for the following analysis.

Place the boat with the sample onto the furnace platform in front of the furnace entrance.
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The weight appears in the WEIGHT button and the START button turns green.
Now the analysis can be started.

Double-click on the START button, or press F5 on the keyboard

Push the boat into the furnace up to the boat stop, using the boat insertion rod
supplied with the analyser.

ooo0oo0o00g

Pushing the combustion boat in....

With the insertion rod ( 2 ), push the combustion boat into the furnace until the stop is felt.
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During the analysis, the momentary carbon and sulphur concentrations, are graphically
displayed, as lines that advance through the screen of the main window.

At the end of the analysis, the main window shows the completed diagram, together with
the numerical concentration value, the sample ID code, its weight before combustion,

the date, the time, the measurement units and the calibration factor numbers.

With the arrow buttons on the top right corner of the window, it is possible to too scale the
X and the Y axis of the displayed diagram.

Now the START button has turned grey ( inactive ) again.

In order to start a new analysis, it is necessary to enter a new sample weight.

Remove the boat from the furnace by pulling it out using the boat removal rod supplied
with the analyser.

Any overloaded range is automatically deactivated during an analysis.

Any deactivated range, is automatically reactivated after the end of the analysis.

Only manually deactivated ranges remain inactive, until manually reactivated, by pressing.
< Menu >, <5>and <CLR >

Remarks:

The sulphur range should be deactivated when only carbon is required.

This will avoid undue delay of the analysis caused by sulphur compounds which are
difficult to burn, as it is in case of cement analysis. Accelerators are not necessary.

In order to make the work easier, two different rods ( 2/ 3) are shipped with the analyser
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2.4 Calibration:

There are two types of calibrations: adjust calibration and single calibration.

Adjust calibration:

If the difference between analysis results and required value is fairly small, then
the adjust calibration needs to be done.

Select the measuring range.

Analyse up to 10 identical standard samples.

Select one or more values from the results area.

Click inside the act. area ( actual value ). The average value of the selected results will
appear inside that area.

Enter the required value into the set point.

Press Enter on the keyboard, then click on OK.

If necessary, follow the same procedure also for the other measuring ranges.
Conclude the session with EXIT
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Single calibration:

The single calibration is only needed, when the analysis results are widely different
from the required value, or if they are very inconsistent with each other.

Select the measuring range:

If more than one calibration factor is needed, then select another factor number ( 0-3)
Default is 0. Normally, a single factor is sufficient

If necessary, fill-in the info area. It may help as a reminder

Enter the required concentration value into the set point area

Press ENTER on the keyboard, then click on OK

Click on EXIT, and the main window returns with the label , Calibration®

Analyse a standard sample for the given set point value. At the end of the analysis, a
new calibration factor will become valid, and the label ,, Calibration* will disappear.
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Linearity:

The purpose of the linearity factors, is to ensure a proportionate relation between the
concentration of measuring gas flowing through the detectors of the analyser, and the
actually displayed concentration value.

These linearity factors are entered by ELTRA, and should by no means be changed.
Exceptions can only be made, if work has to be done on the infrared cells.

Click EXIT, to close the session.

Copyrignt © 2002 by ELTRA GmbH Germany — January 2002 — Operation Manual CS-500 2.4-3



2.5 Blank value:

This function is available in the CS-500 software however it is mostly not needed because
usually only high carbon samples ( organics ) are analysed with this system.

Blank values are the carbon ( or sulfur ) contents of the crucible and accelerators. You
want to measure only the carbon ( and sulfur ) in the sample but, during combustion, the
carbon ( and sulfur ) of the crucible and of the accelerators too, also burn and it is also
detected by the IR-cell. Therefor the measurement of carbon ( and sulfur ) is correct only
when you deduct the carbon (.and sulfure ) of the crucible and accelerators.

See next page.
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First calibrate with a high value
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When the blank value definition procedure is terminated, the blank value will be stored in
the electronics memory. After this, the electronics will deduct out of each following
analysis ( integration ) the defined blank value, before the result is displayed. The
displayed result will show the carbon and sulfur of the sample only, because the contents
of crucible and accelerators are already deducted.
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2.6 Statistics:

Select at least two lines of results and press statistics. The average value of those
selected lines appears in the results area for the respective elements.

More details about average value and standard deviation can be obtained from the
function form page.
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Click on form page; a window opens, showing the results of the analyses that have
been previously selected for statistics. This is a text file, which means that some
further comments can be added to it.

Click on print, to print either the full text or the selected lines only.

Click on save, either the entire text or the selected lines only, can be saved on a chosen
text file.

CAUTION:
The chosen file must be in the same drive ( hard disk ) and in the same folder where
PROTCS is, otherwise an error message will appear at the end of the next analysis.

Click on clear, to erase the entire text or the selected lines only.

Click on text files, to open the text file to be loaded on screen.
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2.7 Plotting the results:

The diagram resulting from an analysis can also be plotted, saved, re-loaded, printed, and
zoomed, when selecting the function edit graphics.

With the arrow buttons, the displayed curve can be scaled
Each individual curve ( for carbon or sulphur ) can be either activated or deactivated

The diagram can be saved on a chosen file, by clicking on save plot, and can be
retrieved by clicking on load plot and opening the appropriate file.

It can also be printed with the command print graphic; the size of the
print- out is determined by the zoom factor. The window at the bottom right corner,
shows the area of the paper, in which the diagram will be printed.
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2.8 Test:

Adjust voltage:

The true zero output of the measuring system is being tested here.

After pressing “START” the amplifiers receive zero volt input.
Their output therefore, as shown by the voltmeters, should be zero or close to zero.

If the output exceeds +3 volts, then call the service agent.
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Base lines:

The electronic unit regularly ensures, that the outputs of the infrared measuring amplifiers
remain at zero level (0 £ 0.1 volts ), when there is no analysis.

The above base-lines graphically display this function.
Press “START” to plot the actual output voltages, in relation to time.
Press “STOP” if you wish to abort the procedure.

Conclude this session with “EXIT”
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More output values:

More function:
Displays some additional voltage outputs, such as for flow regulating valve, the gas flow
and the infrared cell’s temperature regulation.
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2.9 Fractional analysis

1. Introduction:

In some cases it is useful to know not only the total content of one element in a specific
sample, but also the amount of a specific bond or structure.

It is for example useful to separate the free from bound sulphur in ores and row
materials, to control the production process more efficiently.

There are several reasons why fractional analysis is so important.

Every time when a certain process needs to be optimised or when the quality of a product
needs some improvement, there is a demand for more detailed information about the
material in use; more than what the simple elemental analysis can offer.
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2.10 Application memory:

The settings for a specific application can be stored on a file for future use:

Click on read from instrument. The current settings are displayed on the above window.
Save under a chosen filename.
Conclude the session with “EXIT”

The settings from a file for a specific application can be sent to the analyser this way:
Click on write to instrument.
A list of files appears on the above window.

Select the chosen file and open it.
Conclude the session with “EXIT”
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2.11 Applications:

ANALYSIS of COAL:

Furnace temperature 1350°C

Sample weight around 300mg, depending on the sensitivity of the analyser and on the

C and S content of the sample.

The sample weight should not be higher than 500mg.

The sample should be put into the front part of the combustion boat. The combustion boat
Is pushed directly into the hot zone up to the boat stop after pressing “START”. See 2.3-3
Usually, no accelerators are needed. Only in exceptional cases, when the sample
contains pyrites, the furnace temperature has to be set at 1500°C or approx. 300mg of
iron phosphate have to be spread upon the sample.

There are two different types of combustion boats available:

Due to the front shape of the combustion boat type 2, it should be carefully pushed
up to the boat stop, otherwise it may slide into the boat stop. Stop pushing as soon
as the boat stop is reached.

The combustion boat (1) is reusable ( 10, 20, 30 analyses or more ).
The combustion boat ( 2 ) can only be used once.

Copyrignt © 2002 by ELTRA GmbH Germany — January 2002 — Operation Manual CS-500 2.11-1



ANALYSIS of OIL, ASPHALT and RUBBER:

Using fuel oil and other thick oils, the sample weight is approx. 80mg.
The sample weight should never exceed 100mg.
Using thin oil analysis, the sample weight should not be higher than 50mg.

Adjust the temperature to 1450°C

Weigh the sample of the above mentioned materials, 50 to 100mg

Press <mg >

Press < START >

Insert the boat very slowly into the furnace

When you hear the noise of the ignition, stop pushing and put a marker on the
insertion rod, at the beginning of the platform of the boats.

The marker can be a piece of tape wrapped around the rod. Check the right position of the
marker by pushing another sample up to the level of the marker. The marker is at the
correct position when the sample takes 3 to 5 seconds to ignite. Otherwise repeat and
check again.

Once the marker is at the correct position, all the samples of this kind of material, are
inserted in the furnace shown by the marker on the rod and left there for analysis.

This position corresponds to an area inside the furnace, situated just before the hot zone.
The sample then ignites in about 3 to 5 seconds. The signals of the IR-cell go up.

They can be observed on the bars of the LCD display on the computer screen. See 4.2

When the signals are moving down and have reached about 25% of their maximum
peaks, push the combustion boat up to the boat stop to reach the middle of the hot zone,
to completely burn any rest of the sample.

CAUTION: It is extremely important to run the analysis this way:

Never push such kinds of samples immediately into the hot zone. Some fumes may
leave the hot zone without being completely burned. They may contaminate the gas flow
system, including the infrared cell.

ASH ANALYSIS ( C and S determination in ash ):
Adjust 1450° C
Take 200 mg sample weight.
The weight can also be much higher, depending on the C and S concentrations and
on the sensitivity of the IR-cells. See 3.1
After starting the analysis, push the sample up to the middle of the hot zone resp. up to
the boat stop.
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ASH CONTENTS DETERMINATION:

Close the adjustable flow restrictor ( On the front panel, below the flow indicator. Turn it fully
clockwise ).

Adjust the furnace between 790 °C and 800 °C

Take about 1g of sample in a quartz boat

Insert the sample into the furnace, just at the beginning of the hot zone.

Leave the sample for one minute

Push the sample into the hot zone and leave it there for 6-7 minutes.

After combustion, remove the sample.

After cooling down, weigh the sample again. This is the weight of the remaining ash.

The percentage of the ash contents is calculated as follows:
( Sample weight after combustion / Sample weight before combustion ) x 100

CAUTION:

For sulphur and carbon analysis, readjust flow restrictor until lower flow

indicator shows 200 I/h. Ensure that the moisture absorber is dry, replace if needed,
even if the signals from the infrared cells are ignored. The gases passing through the
IR-cells have to be dry in any case.

GRAPHITE ANALYSIS:

Analysers with a range of 100% C can be calibrated with graphite
Any temperature over 1000° C is sufficient

Sample weight approx. 400mg

The boat is pushed directly up to the boat stop

ANALYSIS of CALCIUM CARBONATE:

This can be used for calibration in the range of 12%C

Depending on the sensitivity of the IR-cell, the weight can be between 100mg and 500mg
Any temperature over 800° C is high enough

The sample is directly pushed up to the boat stop. See 3.1

LIMESTONE ANALYSIS:

Furnace temperature 1250 °C or higher
Calibrate with calcium carbonate of 12% C
The usual weight is 500mg

Push directly up to the boat stop. See 3.1

CEMENT ANALYSIS:
If only the carbon value is required, deactivate the sulphur range by pressing:
< Menu > < 5 > See 4.9

The sample weight is between 200mg and 500mg, depending on the C-concentration
and on the sensitivity of the IR-cell. See 6.3

Adjust 1250° C

Enter the sample directly up to the boat stop

For sulphur analysis in cement we recommend an induction furnace analyser
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ANALYSIS of GYPSUM and desulphurisation products: ( of power plants)
If only the carbon value is required, deactivate the sulphur range by pressing:
< Menu > <5> See4.9

Set 1250° C

Take 300 to 1000mg sample weight, depending on the C content and the sensitivity of
the IR-cell. Enter the boat directly up to the boat stop. See 3.1

For sulphur analysis take nitrogen as carrier gas ( instead of oxygen )

Set 1450° C

Take 30 to 50mg sample weight. Add 500mg iron phosphate

Enter the sample directly up to the boat stop. The calibration can be done with pure
gypsum 18% S

ANALYSIS of PLASTICS:

Adjust the temperature of 1450°C

Weight the sample of the above mentioned materials, 50 to 100mg

Press <mg >

Press < START >

Enter the boat very slowly into the furnace

When you hear the noise of the ignition, stop pushing and put a marker on the insertion
stick, at the beginning of the platform of the boats

The marker can be a piece of tape wrapped around the stick. Check the right position of the
marker by pushing another sample up to the level of the marker. The marker is at the right
position when the sample takes 3 to 5 seconds to ignite. Otherwise correct and check again
After the marker is at the right position, all samples of this kind of material are inserted up to
the beginning of the hot zone and left there for analysis.

They ignite after 3 to 5 seconds. The signals of the IR-cell go up. They can be observed on
the bars of the LCD display resp. on the computer screen. See 4.2 When the signals are
moving down and have reached about 25% of their maximum peaks, push the combustion

boat up to the boat stop to reach the middle of the hot zone, to completely burn any rest of the

sample.

ANALYSIS OF WOOD:

Use the big ceramic boats ( 58 x 22 x 14 mm )

Adjust the temperature to 1300°C

Take 350 mg of sample

Set the minimum analysis time to 50. If operating without PC see 4.11 with PC see 2.2
Set the comparator level to 150. If operating without PC see 4.16 with PC see 2.2
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Low carbon analysis:

To analyse non metallic low carbon samples, a furnace extension piece, supplied by
ELTRA, needs to be attached to the furnace inlet:

The reason is that the thick short combustion tube allows some air to enter the combustion
area. The air contains some CO; which is detected by the carbon cell. As the

CO, concentration resp. the air flow entering the furnace is not necessarily constant, the
varying CO, of the air will lead to a corresponding variations of the base line.

Using high carbon analysis in %range, resp. for high carbon IR-cells, the CO, of the
entering air, practically doesn’t have any influence on the results.

For low carbon analysis, with sensitive CO; cells, the entrance of the resistance furnace
has to be restricted.

The combustion boats that are used are the slim porcelain boats. They have to be used,
not only because the bigger ceramic boats can not pass through the restriction attachment,
but also because the porcelain boats have much lower blanks see 4.21 and 2.11-1the
ceramic boats.

Even if the ceramic boats were able to pass through the attachment, they couldn’t be used
for low carbon analysis anyway, because of their high carbon blanks.

To Install the low carbon attachment:
See drawing next page
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Installing the low carbon attachment:

Lift and remove the glass platform ( 1) from the furnace inlet.

Make sure that the two hexagon socket screws ( 2 ) are turned clockwise up to the
end. Use 4mm socket wrench.

Attach the device to the furnace inlet, so that the pins ( 3) and ( 4) fit into the furnace
inlet.

Loosen the two screws ( 2 ) until the ring ( 5) holds the device firmly in place

The combustion boats ( 6 ) can now be moved in and out the furnace.
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Metal analysis:

55555

36-7-1

Analysing metal analysis ( steel, cast iron, alloys ), the dust (metal oxides ) will be trapped
in a metal filter ( 2 ). The metal filter assembly is fixed on the rear of the furnace. The
furnace outlet ( 3 ) needs to be connected to the metal filter input with the tube (4)

Analysing non metals analysis, the tube ( 1) should be directly connected to the furnace
outlet ( 3)

As the metals usually have low carbon, it is advisable to use the device for,, Low carbon
analysis ,, See pages before

ANALYSIS of STEEL and CAST IRON
Adjust 1400° C
Take 200 mg sample weight.
After starting the analysis, the sample is inserted into the hot zone of the furnace ( 52 cm
on the insertion stick ) and analysed.
To remove and clean the metal filter. See 5.6
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3  ANALYSIS

3.1 Working procedure:

The CS-500 is designed to analyse a wide range of materials such as, oil, cement, coal,
rubber, plastics, soil samples etc.

The sample weight, the accelerator and the sensitivity of the analyser are different,
depending on the properties of the respective material during combustion. See 2.11

With the CS-500 a wide variety of materials can be analysed. The analysis methods are
therefore varied. As different materials burn differently, the chosen sample weight, the
possible accelerators, the procedure for the insertion of the sample into the furnace and,
finally, the sensitivity of the infrared cell will all be different. The user of the device can
receive from us free advice regarding the different methods involved for different
materials. The sensitivity of the device® infrared cell is optimised by us, free of

charge, for each purpose.

In the following, the procedures are described for the analysis of coal samples.

The temperature of the analyser is stable ( at least one to two hours on setting 1).
Seel.7
The moisture trap ( 16 ) is checked and, if necessary, the magnesium perchlorate is
replaced. See 5.4
The incoming oxygen supply has a pressure of 2-4 bar / 30 to 60 psi.
The main switch is set to setting 2 for at least 10 to 15 minutes
Adjusting the furnace temperature to 1350°C
Set the main power switch ( 12) to setting 2
Set the switch ( 14 ) to "set point"

Set 1350 on the display ( 15 ) by turning the
potentiometer ( 13)

Set the switch ( 14 ) to "furnace temperature”

The display ( 15 ) shows now the current
furnace temperature.
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A combustion boat is then placed on the balance and, by pressing the TARE button, the
weight

of the combustion boat is tared. Around 300 mg of coal sample are put into the combustion
boat.

pressing the < mg > button, the weight is then transferred to the device and appears on the
top right display. The transfer function is performed regardless of how often the button is
pressed.

This enables a correction of any falsely entered weight.

The weight which is shown on the display when the START key is pressed, is the weight which
is used for calculation of the result for the running sample.

While the analysis is running, the weight of the next sample can already be transferred to the
device.

This way, work can be continued without wasting time.

If necessary, after a weight transfer, an accelerator can be added.

With coal samples, accelerators are normally not necessary. There are samples however that
contain hard-to-burn components. In such cases, about 500 mg FePOa4 is recommended.
With steel or casting samples, PbO2z or Tin metal is recommended as accelerators; and V205
for cement samples.

CAUTION:
Only the sample weight must be read, under no circumstances the weight of the
accelerator.

The combustion boat should be placed on the platform of the furnace.

The < Start > button is pressed. The word »ANALYSIS« will appear on the display in
light letters against a dark background and indicates the beginning of the analysis cycle.
Immediately thereafter, the combustion boat is pushed into the hot area of the furnace.
This is done with a metal rod. The rod is pushed into the furnace far enough so that the
combustion boat reaches the boat stop.

Afterwards, the rod is pulled out of the furnace.

The analysis then runs automatically, so that no more handling is necessary. The infrared
cell signals can be observed and followed on the display bars or on the PC screen.

In case of an overflow, or when a new, untested sample is to be analysed, all ranges
should be reactivated. See 4.9

At the end of the analysis, the measurement results appear on the display and the inverted
word »ANALYSIS« disappears. The measurement results, together with the date, time,
sample number and sample weight, are then printed on the connected printer. The same
data is sent to the computer, if installed.
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Any overloaded range is automatically deactivated during an analysis.

Any deactivated range, is automatically reactivated after the end of the analysis.
Only manually deactivated ranges remain inactive, until manually reactivated,
by pressing

<Menu >, <5> and <CLR>

Remarks:
The sulphur range should be deactivated when only carbon is required. See 4.9

This will avoid undue delay of the analysis caused by sulphur compounds which are
difficult to burn, as it is in case of cement analysis. Accelerators are also not
necessary.

In order to make the work easier, two different rods ( 2/ 3) are shipped.
Make sure that the boat stop (4 ) is in the right position. See schematic

_00000ag

Pushing the combustion boat in....

With the insertion rod ( 2 ) push the combustion boat into the furnace until the stop is felt
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Make sure that the boat stop (4 ) is in the right position. See schematic

1 ooooooo

4_
Removing the combustion boat:
To remove the combustion boat (1) grab it with the hook ( 3 ) and pull it out.

Note:
The combustion boat ( 1) should be removed immediately at the end of the analysis.

During the removal, the hot combustion boat ( 1 ) might possibly burn dust or sample
remains in the combustion tube, thereby altering the base line of the infrared system.
When this occurs after starting, the following message appears:

Analyser not ready. Please wait

Only after this message disappears can a combustion boat be entered info the furnace.

Remarks:

The sample weights are valid when the analysers have appropriate sensitivities, see
“Applications” 2.11 and the right path lengths of the IR-cells.

If not, the analysis condition can be improved by sample weight variation.

Generally, the weight has an optimum size when the bars on the LCD display reach
the middle of the range, resp. the maximum peaks on the PC screen go up to
4 to 6 volts.

The maximum peaks of the IR-cell should reach 4 to 6 volts for maximum accuracy.
The sample weight should be reduced when the IR-cell is saturated.

However when the weight is lower than 100 mg, the accuracy will be reduced, due to
the samples being not homogeneous, and due to lower weighing accuracy.

When the samples evaporate during the combustion, the sample should be analysed like olil.
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3.2 Work breaks:

Work breaks, e.g. during lunch breaks, the main switch remains on position 2. During
longer interruptions, e.g. after finishing work for the day, the main switch is set to
position 1 ( standby ). The analyser® thermostatic control is then still working and no long
warm-up time is needed, when re-starting the analyser. Energy consumption and wear
are negligible on standby.

The main switch is set to pos.2 for about 10-15 minutes before starting the first analysis.

Air, and any moisture which has entered the analyser is expelled by the oxygen flow.
The slight influence which the oxygen flow has on the temperature of the infrared cell is
balanced out.

The analyser is designed for long term use, so that no damage results.
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3.3 TIC-determination:

TIC-module

Due to the modular design of the CS-500, a module for Total Inorganic Carbon ( TIC ) can

be placed between the furnace and the analyser.
For the TIC determination, the sample is treated with acid in the TIC module.

TIC and total carbon ( TC) can be alternatively analysed without modifications.

For TIC analysis:

The sample is treated with acid in an Erlenmeyer flask inside the TIC-module.
The acid decomposes the carbonates in the sample, creating CO..

The oxygen flow purges the CO, out of the flask, through to the infrared detector.

TIC is determined when the sample is introduced into the furnace for combustion and

IR-detection.
Installation:
11— (— 1 — 10
2 N
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1 TIC-module 9 Acid bottle with dispenser
2 Connection to the analyser 10 Furnace
3 Glass distributor 11 Analyser
4 Connection to the furnace 12 Position adjustment
5 Acid supply 13 Moisture trap
6 50 ml glass flask 14 Analyser inlet see below
7 Heater with magnetic stirrer 15 Furnace outlet see below
8 Support with variable height
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The TIC module is placed between the furnace and the analyser:

The outlet ( 15) of the furnace is connected to the connection ( 4 ) of the glass
distributor ( 3)

The outlet ( 2) of the glass distributor ( 3) is connected to the upper fitting of the
moisture trap (13) .

The lower fitting of the moisture trap ( 13 ) is connected to the analyser inlet ( 14).

The bottle of acid with dispenser ( 9) is placed to the right of the platform (8 ) and is
connected to the connection ( 5) of the glass distributor.

The glass distributor ( 3 ) with the glass flask ( 6 ) are adjusted so that the whole surface
of the bottom of the glass flask ( 6 ) touches the surface of the heater ( 7).

The heater ( 7)) is switched on and the temperature is set between setting 3 and 4

Operating procedure, See next page.
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Operating procedure:
Place the empty glass flask ( 6 ) on the balance.
Press tare.
Put the sample into the flask and enter the weight into the analyser. See 2.3 and 3.1
When powder sample is stuck in the flask neck, add 2 mls of water.
Place a magnetic stirrer into the flask and attach the flask to the distributor ( 3).
Raise the adjustable platform to touch the flask. Check, and if necessary, re-just the flask.

Start the analysis:
Inject the acid in two or three doses.
The rotary speed of the stirrer should be kept low.
The rotary speed and the acid dosing should be done in such a way as to avoid sample
particles being pushed up and stick to the inner glass surface .

When all the CO2 has been released from the sample, the analyser’s signal will return to
the baseline level and the analysis will be terminated.

TIC-content: Sample weight: Acid:
>5% 100 - 200 mg 2x2ml
1-5% 200 - 500 mg 3x2ml
<1% 1000 - 2000 mg 3x3ml

Acid:
Acetic acid 25% concentration or phosphoric acid 50% concentration.

Principle of operation :
The acid decomposes the carbonates in the sample creating COz2 .
The oxygen flow purges the CO2 out of the flask, through to the detector.

CAUTION:

Only the carbon of easily decomposable carbonates can be determined.

Carbonates which are difficult to decompose cannot be measured.

For example elementary carbon ( graphite, soot ) and cyanides cannot be analysed.
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4  OPERATING THE ANALYSER VIA THE ELECTRONIC UNIT

4.1 Keyboard:

1207 T23 _csa7RE/QQT 812 _7Tmg

47.893 xC 0.3541 %5
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Deletes false entries either entirely, or the last character only.

The full stop is used as decimal point when manually entering the
weight and when forming the sample number

Completes a new entry

Allows a new sample number to be entered; the old sample number is
deleted

Allows to set parameters and to select functions

Aborts the analysis

This key is used to determine the blank value for analysers which
operates in the ppm range

Calibration of the analyser

Begins the analysis

The weight is automatically read from the balance

Stops the analysis by giving results
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4.2 LCD graphic display:

The LCD automatically goes into standby modus ( it darkens ), when the analyser is not
in use for a certain time.

The LCD is relit when any key is pressed.

Key of the fields in the display:

the time is shown above left

The sample number appears in the centre; a maximum of ten digits, including the
decimal point are available for formatting and for improved readability. At the end there
is a running number.

The most recently read weight from the balance is displayed above right

After completion of the analysis, the results are shown in large graphic digits on the
centre of the display

Below the large graphic digits, information is given concerning the active channels and
the numbers of the calibration factors selected for each channel.

Other information is given only under specific circumstances:
While an analysis is in progress, »ANALYSIS« appears below left in light characters on
a dark background ( inverted script ).

During calibration or when determining the blank value, »CALIBR« or »BLANKV«
appears below centre in inverted script.

»Enter« is shown below right in inverted script as long as an entry has not been
confirmed with < Enter >
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4.3 Switching on:

CAUTION:
Before switching on, the installation preparations 1.1 to 1.8 have to be made.

The analyser is switched on ( toggle switch ).

After two messages, »ELTRA« and »ROM Version« , questions concerning the
setting of the analyser will appear.

=
1

Start printer

o
1

Operation w / o printer

pleasepress (0 / 1)

Operation with or without printer. See printer interface

[EEN
I

Start computer

o
1

Operation w / 0 computer

pleasepress (0 / 1)

Operation with or without computer. See computer interface
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0 = by analyses
1 = Dby results /set point
2 = select factor

Press number CLR

Calibration cannot be carried out until after a warming-up time of about 1 hour, and at least

10 minutes of oxygen circulation. In the meantime, the calibration can be postponed to a
later time by pressing the < CLR > key.

See also 4.17 “calibration” and 4.18 / 4.19

12: 01 123 . 456780/001 512.7mg
00000 %C 00000 %S

123

As long as no measurement has been carried out, »0000« appears in both fields.
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4.4 Menu:

After pressing the following display will appear; depending on the analyser type:

Multiple channel analyser:

1 Set time

2 Set date

3 Printer interface

4 Computer interface
5 select channels

Press number CLR exit

Single channel analyser:

1 Set time

2 Set date

3 Printer interface

4 Computer interface

5 activate

Press number CLR exit

With a multi channel analyser one of the built-in channels can be switched off by
selecting menu point »5« , where as, with a single channel analyser menu point »5«

is used to reactivate the channel after overloading has occurred.

The respective function is selected with the numeric keys »1 - 5« .

Some of the menu

items, and the menu itself, can also be called up during the analysis. Note, that the result
can only be displayed at the end of the analysis when the menu has been exited.

If awrong key is pressed the following message will appear:

‘ CALIBRATION

0 = by analyses
1 = Dby results/set point
2 = select factor
Press number CLR B34l

In this case it is essential to comply !
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45 <1> Setting the time:

Press <1>

The following text will appear:

Please set time :

HH : MM

The time must be entered in double digits: e.g. »09 35« . The separating colon is
placed automatically.

The entry must be completed with the < Enter > key. The seconds cannot be set.
The seconds will be set internally to 00 when the < Enter > key is pressed.

A wrong entry can be deleted with the < CLR > key.

Pressing < Enter > without altering the time the old time is retained and the menu
reappears in the display.

The built in clock operates in a 24 hour mode, i.e. from »00:00 to 23:59 «

The clock is buffered by an accumulator, so that it continues to run when the analyser
is switched off and does not need to be reset when it is switched back on.
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4.6 <2> Correcting the date:

Press <2>

The following text will appear:

Please set date:

DD.MM.YY

The date must be entered in double digits for the day, the month and the year.
e.g. »03 05 93« . The separating dots are placed automatically. The entry must be
completed with the < Enter > key.

A wrong entry can be deleted with the < CLR > key

Pressing < Enter > without altering the date, the existing date is retained and the
menu reappears in the display.

The clock automatically takes the 29th of February into account in leap years.

The clock is buffered by an accumulator, so that it continues to run when the analyser is
switched off and does not need to be reset when it is switched back on.
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4.7 < 3> Printer interface:

Press <3>

With this function the data transfer from the analyser to the connected printer can be
switched on and off.

=
1]

Start printer

o
I

Operation w /o printer

pleasepress (0 / 1)

The data transfer is switched off with the numeric key < 0 >. The printer ceases to make a
record of the results. It is essential to make this setting when working without a printer.

»» Merely switching off the printer is insufficient | ««

Pressing <1 > the data transfer to the printer is switched on.

Switch on printer ,
feed paper and
activate printer

By this message, the user is requested to make the printer operational:

Plug the printer to the main power and switch on

Connect the printer to the analyser with the special cable supplied.

Insert paper

Activate the printer; set to on-line or select
The < Enter > key can only be pressed after this has been carried out. The printer
should
then write a test line as an indication that the connection is properly functioning.
From now on the printer records all analysis data after each analysis.
Date, time, sample number, sample weight and results with information about the

active channel, the respective factor, as well as the length of the analysis in seconds.

Example: 03.02.93 14:42 123.456.78/001 503.3 mg 108 ppm O 1/0 27 ppm N 3/0 32
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4.8 <4> Computer interface:

Press <4>

With this function the data transfer from the analyser to the connected computer can be
switched on and off.

=
1

Start computer

o
1

Operation w / 0 computer

pleasepress (0/ 1)

With the numeric key < 0 > the data transfer is switched off. The computer ceases to
make a record of the results. It is essential to make this setting when working without the
computer.

»» Merely switching off the computer is insufficient. ««

Pressing <1 > the data transfer to the computer is switched on.

adjust RS 232 and activate:
9600 baud
8 data bits,
1 stop bit
no parity

By this message, the user is requested to make the computer operational:
Connect the computer to the analyser with the special cable supplied
Plug the computer to the main power and switch on
Run the ELTRA program.
Example: 03.02.93 14:42 123.456.78/001 503.3 mg 1.0893 %C 1/0 0.3541 %S 3/0 32

This data appears on the screen and is saved in the »PROTCS.TXT« file. This is a pure
ASCII file which can be edited with any text editor or word processor.

IMPORTANT: See Section 2 “Software”
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4.9 <5> Selecting the channels / activating:

Press <5>

With this function, channels can be switched off or reactivated.

With the multi channel analyser a new text appears in the display after pressing <5 >

One of the channels indicated can be switched off here by pressing the respective key.

Pressing < CLR > all channels are reactivated. No channels are switched off.

Switched off or overloaded channels are shown in the display as follows:

Here, with an analyser that has two carbon channels and a sulphur channel, the sulphur
channel has been overloaded or switched off. Channels »1« and »2« are still active; The
number »3« for the sulphur channel is no longer shown, and instead of digits a dashed line
appears in the display. This dashed line would not appear, however, if one of two channels for
the same substance were switched off, but this can be seen from the display of the active
channels.

This menu item cannot be called up while an analysis is in progress.
After calibration or determining the blank value, all channels are automatically reactivated.

Deactivated channels are reactivated by pressing < Menu > <5> <CLR >
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Setting options for the sulphur range:

0 % S
1 % SOs
2 %S %SO0;

press number

The options are:
<0> %S

To measure the total sulphur content:
<1l> % SO3

To measure the sulphur trioxide content; this allows no conversion, this means that the
analyser must be calibrated by means a sample with a known sulphur trioxide content.

%S --> %S0z

Calibration in %S -> Analysis in %SOsa.

Measurement of sulphur trioxide content with conversion; this means, the analyser is
calibrated with a standard sample specified in sulphur, is afterwards switched over, and
the display is shown in the percentage of sulphur trioxide.

When the calibration mode is selected while running this mode, the analyser will
automatically

switch back to measure the sulphur content !

Afterwards, the conversion mode must be selected again if required.

Using the appropriate number, the desired measurement units can be selected.
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4.10 <6 > Units:

Press <6>

The menu item <6 > is to select the measurement units used during the analysis.

Setting options for the carbon range:

[

0 % C
1 % CO;
2
3

mg C / dm?
% C %CO,

press number

The options are:
<0> %C

To measure the total carbon content:
<1> % CO2
To measure the content of carbon dioxide; this allows no conversion, this means that the

analyser must be calibrated with a sample with a known carbon dioxide content.
<2> mg C/ dm?2

To measure the carbon content on the surface of the sample:
<3> %C --> %CO2

Calibration in %C -> Analysis in %CO..

This mode is used, when the calibration standard is specified in %C and the sample to be
analysed must be determined in %COz2. In calibration, the carbon content

(and not the CO2 content ) is given in as the set value ( as with option < 0 >). Afterwards,
<3> %C -> %CO:2 is selected and the resulting display is given in the percentage of
carbon dioxide. In case the calibration mode is selected while on this mode, the
analyser switches back automatically to measuring the carbon content! Afterwards, if
desired, the conversion mode < 3 > must be selected again.

Using the appropriate number, the desired measurement units can be selected.

During an analysis, it is not possible to call up this menu item:
< 6 > Measurement units
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411 <7> Minimum analysis time:

Press <7>

Default 50=50s
latest value: 20
new value:

The minimum analysis time of some sample materials of 50 seconds is not enough. The
peak begins 50 seconds after the start. For this reason the analysis may stop before the
beginning of the peak.

In such a case, the minimum analysis time must be extended.

The new entered value will be stored in the buffered memory and will remain there also
when the analyser is switched off.
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4.12 <mg > Entering the weight:

Pressing the key:

The analyser automatically reads the sample weight from the balance. It then appears in
milligrams ( mg ) in the upper right corner of the display.

This is only possible if the balance is fitted with a serial interface which is programmed
accordingly and connected to the analyser via a corresponding cable.

Every time the <mg > key is pressed, the weight is read. A wrong value, needs only to
be overwritten by re-pressing < mg >

an error message appears on the display :

This message will appear when the balance is not switched on or a major defect has
occurred.

This message can be erased with the < CLR > key. After the defect has been remedied
or the weight has been entered manually.

This is done by simply entering the first digit, which appears above left on the display
»Enter« appears bottom left in inverted script. This indicates that the computer is
expecting more digits to be entered, completed with < Enter >

This is essential, since most of the functions cannot be carried out.

During the analysis, the next sample weight can be entered, either manually or
automatically. Although the next weight already appears on the display, the analyser
calculates the results from the old weight; the new weight is stored for the next analysis.

if an attempt is made to start an analysis without entering a weight,
then the measurement won't start and the following error message will appear.

This error message can be erased with < CLR >
After entering the correct weight, the measurement will be started.
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4.13 Stop:

With the key:

An analysis can be aborted. In this case, no result will be calculated:

The <STOP > key should only be used in exceptional instances, when for example
a serious error has occurred.

If the < STOP > key is pressed during the analysis, the beginning of the next analysis
may be delayed.

If, in exceptional instances, an analysis is aborted with the < STOP > key during a
calibration, the previous measuring values for calibration are not erased and the
calibration mode is not exited.

It is possible to abort the calibration mode with the < STOP > key if the analysis has

not yet been started. Any values which may have already been measured for calibration
will get lost.
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4.14 Stop and get results:

Press the button

To stop and get results while running an analysis the above shown button needs to be
Pressed. The results will be shown on the display

CAUTION:
At the moment you stop the analysis cycle, the integration of the peak will of course also

stop. The result shown on the display corresponds to the integrated value, from the
beginning of the analysis up to the moment you stopped

Hirfpsa—

Integral value
corresponding
to the result

IR-output signal

Moment of stoping
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4.15 Sampler number:

The sample consists of two separate parts:

10 digit sample and 3 digit running number ( 1-999 )

separated by a stroke » /[ «

Entering a new sample number:

After pressing the < No > key, the old sample number is not erased straight away,
only after the first digit has been entered. For improved readability and formatting,
the decimal point can be used as often as wished; but then of course, there are fewer
places available for the digits. The entry of the sample number is completed and
confirmed by pressing the < Enter > key, causing the word »Enter« in inverted
script to erase. Only now can other activities be carried out, e.g. weight reading,
menu selection etc. Data from an analysis which has since been calculated can only
now be displayed.

With the < CLR > key, a wrong entry is deleted entirely.

Setting back the running number:

The second part of the sample number, which automatically increases by 1 after each
analysis, always refers the next analysis.

It is reset to 001 by pressing the < No > key and immediately thereafter < CLR >.
The 10-digit sample number is not affected by this.
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4.16 Setting the comparator level:

Pressing the following keys:
<Menu > <9> <1> <k> <XXX> <ENTER >.

<k > can be the number 1, 2 or 3 for selecting the required IR-detector.
< XXX > is a three digit number for the set point of the threshold level, for example 250.

The number entered for the comparator level, corresponds to 0.3 mV per unit.
This means, for instance when entering 150, the level is 150 x 0.3 mV = 45 mV.
Please note that the maximum output level of the IR-cell is 10 Volts.

For detailed information regarding the purpose of the comparator level, see 2.2-7 / 8.
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4.17 Calibration:
General information:
Using the key.
The analyser offers two different ways of calibration:

see chapter 3 “Analysis”

First, the calibration mode is selected, then the standard value ( set point) is entered and
finally the calibration analysis are carried out.

Standard value / actual value. See 4.18
In this case, the calibration analyses are first carried out and the calibration mode is selected
afterwards.

If however, the results of the calibration analyses are already correct, it is not necessary to
enter the calibration mode.

The usual analyses of unknown samples can be immediately carried out.
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4.18 Calibration by analyses:

Press the key

Press <0>

If the analysis has more than one range, the following graphic will appear: 1, 2 or 3

The range to be calibrated is selected by entering the respective number.
Only one range can be selected for calibration.

The calibration can be stopped by pressing the < CLR > key if for any reason this is not
wished.

If the existing factor is to be retained, this is confirmed by pressing its number.
By pressing the corresponding key, the user can change over to a different calibration
Factor
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The factor@ memory field can be filled in with the sample number, the sample content or the
date, so that one always knows for which kind of samples this factor has been used.

Entries can be erased with the < CLR > key.

Whether an entry in the memory field is desired or not, the procedure must always be
completed with < Enter >

The contents in the memory field is not used for any calculation procedure. It is only useful as
a reminder for the operator.

After the factor has been selected, the electronic unit waits for the concentration of the
standard value to be entered by pressing < Enter >

Pressing < CLR > without entering a standard value, calibration is ended.

The entry of the standard value must be completed with < Enter >. A »0« in front of the
decimal point can be omitted.

Wrong entries can be deleted with < CLR >
Entering a standard value of »0« results in the calibration being aborted.

After a standard value has been entered, it is indicated in the display.
The range number and factor number are also shown.

The analysis is now started after the weight has been read. At the end of measurement the
result is displayed as follows:
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The first result always corresponds exactly to the standard value entered. For the internal
result of the integration, a factor has been calculated which is required to retain the standard
value. This calibration factor is available for  further measurements.

Calibration can thus be aborted with < Enter > after a single calibration measurement.

If a greater degree of certainty is required, then further measurements can be carried out
in calibration mode to determine the calibration factor. This is carried out either by reading
the weight of a new sample with the <mg > key or by pressing the < Cal > key and
entering the weight manually.

Up to 10 analyses can be carried out to calculate the calibration factor. The series of
calibration measurements is then ended by pressing < Enter > .

With the < CLR > key, certain results can be deleted, so that they are not taken into
account when calculating the calibration factor

The selected result is erased from the display and is not taken into account when
calculating the calibration factor.

Several results can be erased consecutively .

Sometimes it is advisable to erase the very first result - with the number »0«. The fact that it
corresponds exactly to the standard value entered does mean that it is the most accurate
result. Rather, the most accurate results are those that are closest together. Values that are
scattered upwards or downwards, and where appropriate, the result with the number »0«,
should be erased.
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Finally, calibration is ended with the < Enter > key and the factor is calculated from
the remaining results.

The calibration factors are retained in an internal memory area which is buffered by an
accumulator. The analyser thereby retains the most recent setting, and does not need
to be newly calibrated after it has been switched off and then switch back on again.

After completion of the analyses, all channels are automatically reactivated. It may
therefore take a short time - about 1 minute - until the zero regulation is stable again.
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4.19 Calibration by entering result and set point:

At first, one or more analyses of a standard sample are carried out in the usual analysis
mode. The results are printed on a connected printer.

If the results are correct, it is not necessary to calibrate. The usual analysis of unknown
samples can be carried out.

If the results are not within the range of the standard valve, the analyser can be calibrated
as follows:

Press < Cal >

Press <1>

If the analysis has more than one range, the following graphic appears:

By entering the respective number, the range whose calibration factor is to be adapted, is
selected.
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Here, the standard value is asked for. Under no circumstances enter the value »0«
otherwise it would cause division errors.

Wrong entries can be erased with the < CLR > key.

The entry must be completed with the < Enter > key.

After this, the actual value is asked for. Either the result, which deviates from the standard
result. »0« must not be entered here, either.

Wrong entries can be erased with the < CLR > key.
The entry must be completed with the < Enter > key.

The modification of the calibration factor has now been completed, and the microprocessor
has calculated and stored the correct value.

Two ranges can be calibrated at a time C+S with this method, since the results from two
ranges are available, based on the analysis results obtained before.

In case the results are different from the correct value, mainly when they are
exactly 0.0000, the calibration of the analyses has to be used. See 4.17
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4.20 Select calibration factor:

If various materials are to be analysed and it is considered necessary to work with various
calibration factors for one range, this method can be used to switch over from one
calibration factor to another. However, it is the user® responsibility to take care that a

valid calibration factor has already been entered, i.e. it must have been calibrated
beforehand. Otherwise errors in measurement can arise.

Press < Cal >

Press <2>

In case of analysers with more than one range, the following graphic appears:

By entering the respective number, the range which is to be set to a different calibration
factor is selected.

If the existing factor is to be retained, then confirm by pressing its number.
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Pressing the corresponding key, the user can change over to a different calibration factor.

For example by pressing <1 >

The selected factor®@ memory field can be marked with the sample number,
sample content or date, so that one always knows for which samples this factor
is to be used.

Wrong entries can be erased with the < CLR > key

Whether an entry in the memory field is desired or not, the procedure must always be
completed with < Enter >

The selected factor is now shown in the display and is available for further measurements

Note:
that a factor can only be set when it has already been calibrated.
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4.21 Blank value:

To calculate the blank value, use the key. The recommended way is given below:

The analyser is first calibrated with a standard sample which has a relatively high content,
so that the blank value is negligible.
Afterwards, the usual sample weight is entered manually ( without taking a sample ).

The < Dbl > key is pressed. You are first asked, for which range of the analyser the
blank value should be determined.

When this is chosen, you are then asked for the standard value.

Enter a value of 0.0001 and press the < ENTER > key. Then press < Start >
Then a combustion boat ( with a possible accelerator ) is fed into the furnace.
To indicate that one is in the process of determining the blank value,

the word »BLANKV« appears inverted at the bottom centre of the display.

After the end of the analysis, the measurement results are given in small, rather than
large, digits. For the determination of blank values, up to 10 measurements can be
used. In the displayed values, the blank value has not been deducted! When enough
measurements have been conducted, doubtful results can be cleared by pressing
the < CLR> key and the figure is cleared from the list of values.

Finally, after ending the determination by pressing the < ENTER > key, the average
of the blank values is calculated, saved in memory, and deducted from all subsequent
analyses.

Blank value here means the carbon and sulphur contents of the combustion boat and
any possible accelerator. The determination of the blank values and the eventual
correction is only valid for the C and S determination in the ppm range.

For the analysis of materials with high C and S content such as coal, oil, cement, and
food the blank value determination is not required.
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Wrong entries are erased with < CLR >

After a standard value has been entered, the determination of the blank value is
indicated in the display.

The analysis is now started, after the weight has been read. The result appears at the end
of measurement as follows:

The result shows the actual sample content plus the blank value; it has not yet been
deducted. The measured value should therefore be larger than the standard value.

The determination of the blank value can be ended with the < Enter > key. The blank
value is calculated internally and is then taken into account for all subsequent
measurements.

If further measurements are to be carried out to determine the blank value, the process
is either continued with the < bl > key, or the weight of the next sample is read by
pressing the <mg > key.

Up to 10 analyses can be carried out for this purpose. The series of measurements is
ended with the < Enter > key.
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Pressing < Enter > again, all the measurements can be used to determine the
blank value, or certain values can be excluded from the calculation.

If the option »Erase« has been selected by pressing < CLR >, the analyser asks for
the numbers of the results that are to be considered invalid:

The selected result is erased from the display and is not taken into account in
the calculation. Several results can be erased in consecutively.

Finally, the determination of the blank value is ended with the < Enter > key, and the
guantity which is to be taken into account in calculating the results is calculated from
the the remaining values.

These values are retained in an internal memory area, which is buffered by an
accumulator. The most recent settings are thus retained when the analyser is switched off
and then switch back on, and the blank value does not need to be newly determined.

For more details, see 2.5.
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4.22 Infrared test:

After pressing < Menu > and subsequently < Cal > on the keyboard of the analyser.

Exit this function, with < CLR > or < Cal > again the output voltages of the IR-cells are
displayed in volts.
These are the real output voltages without any correction.

Normal conditions:

The voltages are within about 1.000 volt. If they are higher, the corresponding
IR-paths are contaminated or no corresponding IR-source is bent due to rough
transportation. ( to strong vibrations ).

The second digit after the decimal point should alternate, not to move more than one
digit. ( notice of the base line ). Within about 3 to 5 minutes the average shouldn’t
change more than 0.01 volt. This test should be made with stable temperature and
with oxygen flow i.e. under normal analysis conditions.
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5

MAINTENANCE

5.1 General information:

Replace the magnesium perchlorate of the moisture trap of the furnace after 25 to 40
analyses. To save material, replace first the upper half. The next time replace the
whole of the magnesium perchlorate. This is based on the analysis of coal samples.

It is not necessary to replace the glass wool, unless it is penetrated by dust and particles
of the magnesium perchlorate.

The content of the left glass tube on the analyser’s front should be replaced every
100 analyses.

The chemicals in the right glass tube on the analyser’s front are for purifying the carrier
gas. The depleting of these chemicals depend on the purity of the carrier gas used.

The CO, absorber in the upper half of the glass tube changes it's colour from black
to grey after separation.

The moisture trap in the lower half doesn’'t change it's colour. When the particles at the
upper end of this column doesn’t move when knocking on the glass, a replacement is
necessary. See 5.2 and 5.3

Further maintenance is only to clean the dust in the furnace outlet, see 5.9
wich is only necessary after hundreds of analyses, depending on the kind of samples.
Further maintenance is not necessary.

When using metal analyses ( which is not very likely to happen ) the additional dust trap
has to be cleaned. See 5.6

Remark:

According to our experience in most cases when users report deviation of the results,
the problem is solved by replacing the magnesium perchlorate. This means that the
importance of the condition of the chemicals used, are underestimated.
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CAUTION:

There are specially developed chemical qualities and accelerators for analysis devices:

Anhydrone, ascarite, iron phosphate, among others. Normal commercially available
materials of this type either fall short or are entirely useless for this purpose.

Normal magnesium perchlorate, for example, causes memory effects and therefore, is
not repeatable. A further typical effect is that the analysis takes too long and often never
comes to an end. This effect also occurs with magnesium perchlorate of suitable quality if
it is saturated.

Normal sodium hydroxide binds CO, quite inadequately at room temperature. The special
quality, on the other hand, reacts quite well at room temperature and has at the same time
an indicator.

The glass tubes and the O-rings should only be greased with high vacuum grease.
Ordinary silicon grease is inadequate.

It is left to the user to test normal materials. The device will not be damaged. When there
are problems, the proper quality materials should be used, and these should be in
absolutely unsaturated condition, before technical service is called.

The chemical containers must be immediately and quite securely closed, so that they are
not saturated with CO, or moisture.
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5.2 Installing and removing the reagent tubes:

Y W

O O

6-1-1

To replace the reagent tubes:
The reagent tubes are first lifted, then swung to one side, detached diagonally downwards
and emptied.

IMPORTANT:

The dimensions for filling the glass tubes given in the schematic of 5.3 should be
respected in all cases.

When, for example, there is a rest of quartz wool in the bottom of the glass tube, it is
possible that dust, forming magnesium perchlorate can fall through and block the fitting
below or this can damage the analyser and the infrared cell.

NOTE:
Before the reagent tubes are fitted, both the O-rings and the inner ends of the tubes are
lubricated with high vacuum silicon grease.

Also, with the first ( thick ) glass tube attached to the furnace, one must pay special
attention that enough magnesium perchlorate is available. Otherwise, water vapour can
condense on the inside free glass wall before it reaches the magnesium perchlorate.

The components are refitted in reverse order.
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5.3 Filling the reagent tubes:

The following chemicals are used :

Magnesium perchlorate  ( anhydrone) as moisture absorber.
Sodium hydroxide as COz2 absorber.
Copper oxide as oxidiser ( CO -> CO2)

The reagent tubes are replaced when they are saturated. See 5.1

It is not possible to dry the magnesium perchlorate and use it again, as it is chemically
changed after reacting with the moisture. The saturation of the Sodium Hydroxide changes
it's colour (it turns to light grey ). If the absorber particles do not move ( e.g. tapping on
the glass ), then this is a sign that the magnesium perchlorate is saturated. It is essential to
change the absorber before it is completely solid. The moisture absorber should be

checked after 100-200 induction analyses and if necessary replaced ( glass tube
underneath the metal filter ).

The reagents tubes are replaced when they are saturated with moisture. The moisture
steams from the combustion and has two sources. One source is the water content of the
sample. By drying the sample in a furnace at about 80°C, the moisture content can be
reduced. The drying process takes some hours. The sample is laid in a fairly flat bowl
and should be spread as thin as possible. The second source is the sample® hydrogen
content, which is found in the form of various hydrogen compounds.

Since different samples contain various amounts of moisture, it is hard to give a precise
number of analyses that can be made before the reagent tubes should be replaced. In
addition, the saturation level of the absorber are at highest at the gas entry point and fall
off toward the exit. For example, the first absorber after the furnace ( thick glass tube)
would be changed more often than the second; or the top half of the first absorber
should be replaced. A clear sign of total saturation is when the absorber® particles do not
move freely when the glass tube is tapped. Under any circumstances neglect the
changing of the absorbers until it is completely hard. Normally, the moisture absorbers
should be checked after 30 to 40 analyses.

Please refer to the following schematics to identify the glass tubes on the analyser. In
addition to the reagents in the glass tube, fills the bottom end of the tube with annealed
guartz wool. One should pay attention that the quartz wool should be only as thick as
necessary, otherwise the flow of gas can be choked. Under no conditions should the
amount of quartz wool be less than that given in the following schematics, since fine
particles of magnesium perchlorate can pass through the wool and collect itself at the
bottom of the tube, causing severe damage.

It should be pointed out that magnesium perchlorate is a very strong oxidative material.
At both ends of the glass tube, you should leave sufficient space for the gas connections
to be fitted. The free space at the tube ends serve as sealing space. They must be
cleaned after filling. The O-rings must be cleaned. Both the O-rings as well as the
sealing areas of the tube must be greased with high vacuum silicon grease. This

eases the assembly as well as the disassembly and further improves the seal. Only the
upper end of the thick glass tube and the corresponding O-ring should not be greased.
The assembly of the tubes follows in reverse order from the procedure given in 5.2

Make sure that the O-rings are completely sealed around the glass tubes.
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IMPORTANT:

There are qualities of chemicals such as anhydrone, ascarite, copper oxide,

tungsten granules, iron chips, copper chips etc. which have been specially developed for
analysing instruments. The commonly available materials serve their specific purposes either
inadequately or not at all.

The magnesium perchlorate which is commonly available, causes memory effect and
affects repeatability. Another typical effect is that the analysis takes too long and is
often not even completed. This effect also occurs with magnesium perchlorate of
suitable quality if it is over saturated.

The commonly available sodium hydroxide binds COz2 very inadequately at room
temperature, whereas the special quality not only binds extremely well at room
temperature but also contains an indicator.

The glass tubes and the O-rings should be lubricated with high vacuum silicon
grease and not with ordinary silicone grease.

The user is free to test commonly available materials; the analyser will not be damaged. If
problems should arise, however, suitable materials, in proper, unsaturated condition,
should be used, before calling technical service.

The chemical containers must be closed very tightly, immediately after use, so that
they do not become contaminated with air moisture or COz2.
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Filling the moister trap:
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Filling quantity carries a tolerance of £ 20 %

Glass wool 90331
Magnesium perchlorite ( anhydrone ) 90200
Free (empty )

Sodium hydroxide ( ascarite ) 90210
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Installing a halogen trap:

If the customer orders an analyser pointing out that 2
he has to analyse materials containing halogens, the ) ‘
analyser will be delivered with a halogen trap tube 1 il 10
attached to the left panel of analyser.
2
50
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1 90331 Glass wool
2 90235 Halogen trap metal 2
3 90234 Halogen trap material
4 35320 Bubble glass tube = 11T
1 I
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5.4 Replacing the moisture trap on the furnace:
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Turn both screws ( 1) counter clockwise, unit the ring ( 3) touches the part ( 2)

Lift the glass tube ( 5) upwards, tilt it to the side and pull downwards. See 5.2
Replace the magnesium perchlorate ( anhydrone ). See 5.3

Install the glass tube ( 5) in reverse order

Turn both screws (1) clockwise unit the O-ring (4 ) is properly pressed on the inner
surface of the glass tube (5)
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5.5 Replacing the O-rings:

The O-rings are only replaced when they can no longer adequately seal, due to severe
damage or age. When removing the old O-rings, be ensure that the sealing area of

the fittings are not damaged. The groove in which the old O-rings sat must be cleaned, so
that it is completely free of grease.

The new O-rings should under no-circumstances be greased before installing, only after
installation. Otherwise, the O-rings will turn with the glass tubes when trying to remove it.

Don’t
grease

Neither the O-rings nor
the ends of the glass
tubes are to be greased.

Only after installation

W

]
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5.6 Cleaning the dust trap:

First remove the metal filter with it's housing:

36-7-3

The cock (1) is rotated 180°, so that the O-ring ( 2 ) will loosen
The dust trap ( 3) is raised as far as it will go

Swung to the side and

Detached diagonally downwards

o0 m>
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Only in case of metal analysis: See 2.11

The dust, which comes out of the furnace with the carrier gas, is trapped in the filter (1)
After about 100 analyses the filter should be cleaned and replaced by a clean one.

Make sure that the filter is absolutely dry !!l after cleaning, since the inside of the filter is
Only 10 microns and it is impossible to see if the inside of the filter is dry. Therefore it is
advisable to have a second filter, while drying the other one. The filter can be dried carefully,
e.g. with hot air.

Replacement of the dust filter takes only about 5 seconds.

Fast filter cleaning:

3 > B 6-3-2

Clean the dust using the brush ( 1) delivered with the analyser.
Rotate in only one direction.
Clean the upper end ( 2) of the filter housing

CAUTION:

Lubricate only the lower end of the filter housing ( 3 ) and the lower O-ring (4 ).

The upper end ( 2 ) of the filter housing and the O-ring of the upper sealing mechanism
remains clean and free of grease.

For better cleaning:

B 6-3-3

Remove the metal filter out of the filter housing

Clean in ultrasonic cleaner

Dry and, if necessary for assembling, lubricate the O-ring.
Clean the upper end of the filter housing from any grease.

Re-install the dust trap in reverse order.
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5.7 Replacing the combustion tube:
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CAUTION: Unplug the main cable before opening this device !

Switch off the furnace and disconnect the power plug

Remove the Oxygen tube (1)

Unscrew the screws ( 2 ) and remove the front assembly ( 3)
Remove the O-ring (4 ) and the safety spring (5)

Remove the plastic tube from the dust box ( 8 ) at the furnace outlet
Pull the dust box ( 8) out, together with the combustion tube ( 6)
out of the rear of the furnace

Remove the boat stop ( 7 ) out of the combustion tube

Dismantle the dust box by removing the screws ( 10)

and remove the cover (11) using a screw driver if
necessary (12)

Unscrew the screws ( 13 ) and remove the complete

dust box assembly (14 )

Remove the old combustion tube ( 6 ), install the new one.

CAUTION:
Slide the new combustion tube very slowly and perfectly horizontally
into the furnace or else the heater elements may get damaged.

Slide the boat stop ( 7)) into the
combustion tube and ensure that it is
positioned according to this drawing,
( furnace rear-side )

Reinstall furnace in reverse order
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5.8 Cleaning the tube:

L
4

Push the teflon ( white tube ) ( 1) through the upper glass tube assembly ( 2 ), pass it

trough the tube (3 ) up to the inside of the dust trap box (4)
This can preferably be done when the glass tube has to be removed anyway, for replacing

the magnesium perchlorate (anhydrone).
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5.9 Cleaning the dust box:

Remove the two screws (1)

Remove the cover ( 2 ) using a screw driver if necessary

Remove the dust from the inside of the dust trap ( 4 ) using the brush (5)
Do the assembling in reverse order

CAUTION:
The two screws (1) should be properly tighten to make sure that the system is sealed.
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5.10 Replacing the heating elements:

Remove both side

panels of the furnace

cabinet.

Remove the cover

plate (1) of the

cabinet (4 screws on the top)
Disconnect the oxygen

tube (3)

Unscrew the two knurled nuts (4)
and remove the front assembly (5)
Remove the O-ring ( 6 ) and the
safety spring ( 7 ) from the front end
of the ceramic tube

Pull the dust trap ( 8 ) with the
ceramic tube ( 17 ) out of

the furnace

Remove the spring (9)

and pull the thermocouple (10)
out of the furnace

Disconnect the

connectors ( 11 ) of the
temperature switch and

pull the cables out of the hole
(12)

Disconnect the cables ( 13)
Unscrew and remove the four
screws (2)

Lift the top frame (14 )

together with the furnace

block ( 15)

Remove the clamps ( 16)

from the heating elements

Install the new heating elements
Remove the ceramic spacers (19)
Re-assemble in reverse order

CAUTION:

Install the clamps (16 ) in a

position which allows the heating
elements to move at least 5 mm

in horizontal ( axial ) direction.

Insert the thermocouple deep enough,
to touch the combustion tube and fix
it with the spring (9)
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6 DESCRIPTION OF FUNCTIONS

6.1 Measuring principle:

The measuring method is based on the principle of sample combustion and the analysis of
the gases given off, through infrared absorption.

A wide variety of sample materials in various forms is possible; powder, shavings, solid
pieces and also some substances in liquid form. Typical materials are coal, ashes, steel,
cement, soil samples, rubber etc.

During combustion, the sulphur and carbon components present in the sample are
oxidised to form SO2 and COz, The usual combustion temperatures are 1250°C and1400°C
for cement samples.

Combustion is obtained by supplying oxygen, which at the same time acts as carrier gas.
An electronic flow regulator keeps the flow quantity at a constant level of 180 I/h.

Dust traps and a moisture absorber ensure that a dry, dust free gas mixture is supplied to
the infrared cells.

The signals emitted from the infrared cells are selective and correspond to the SO2 and
CO2 concentrations in the gas mixture. They are electronically linearised and integrated,
divided by the sample weight and digitally displayed as % S and % C

Since the sample weight is taken into account, the results are not dependent on the
weight. For this purpose, the sample is weighed before being analysed and entered into
the analyser. If necessary, blank values can also be entered; the electronic unit takes
them into account when determining the results.

A connected printer prints out the results and the date, time, sample number, sample
weight, as well as the numbers of the measuring channels and the calibration factors and
the duration of the analysis.

A connected PC provides a lot of additional features. See Chapter 2 “Operating the
analyser via the PLOTCS software”.
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Carrier gas inlet
Pressure regulator
Oxygen valve
Pressure switch
Pressure gauge

Flow adjustment
Carrier gas flow display
Carrier gas purification
Furnace inlet

Furnace

Furnace outlet

First moisture trap
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Second moisture trap

Infrared cell

Measuring gas flow display
Attenuation volume before the pump
Gas pump

Attenuation volume after the pump
Balance

Electronic unit

Keyboard and display

Monitor

Printer
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6.2 Gas flow system:

The oxygen supply is connected to the inlet of the oxygen system. Pure oxygen is
available in steel bottles, with 99.5% this is fully sufficient. Impurities in the oxygen are
extracted in the attached trap ( 8 ). The upper half of the trap is filled with a CO, absorber
and the lower half with a moisture absorber.

Magnesium perchlorate ( anhydrone ) acts as a H,O absorber.
Sodium hydroxide acts as a CO, absorber, preferably with an indicator, so that the
degree of saturation can be seen from the coloration.

The oxygen inlet pressure should be 2 to 4 bar, which is then regulated inside the
analyser to 1.5 bar, as shown on the pressure gauge ( 5). Any pressure fluctuation of the
external oxygen supply has no influence on the accuracy of the measurements.

A pressure switch ( 4 ) shuts its contact at around 1 bar ( 15 psi ) and switches the

pump on ( 18). This will ensure that no air will come into the gas flow system. During longer
work breaks. It is advisable to turn the power switch to setting 1. This will shut off

the oxygen supply. No further manual operations are required.

With the help of the flow adjustment ( 6 ) the inlet flow will be held to a level of at least

200 I/h. The flow rate can be read on the lower flow meter ( 7 ) on the front panel.

This flow rate level is fed into the furnace inlet. This tube inlet can be found underneath
the platform (9).

The sample in the combustion boat is fed through the inlet ( 9 ) then to the furnace ( 10).
Combustion is obtained by supplying oxygen, which at the same time acts as carrier gas.
An electronic flow regulator keeps the flow quantity at a constant level of 180 I/h

A tube ( 11 ) connects the furnace outlet with the moisture trap ( 12 ).

The H,O trap ( 12) is attached to the furnace ( 10 ).

The gases that comes out of the furnace normally contains some moisture. This will
particularly happen when analysing coal samples.

One reason for this is that the samples are often not completely dry. The moisture
content can be reduced by drying the samples before the analysis. This can be done

in the furnace setting the temperature to 80°C. The drying process takes several hours.
Therefore, the samples can easily be dried overnight.

A further source of moisture is hydrogen in samples.

During combustion, the hydrogen in the sample reacts with the oxygen combustion,
creating H,O. After the gas is dried, it is led through the infrared cell ( 15).

It is here where the gas measurements takes place.

Finally, the gas is fed through the upper flow meter ( 16 ) on the front side of the
analyser. The displayed value must be constant 180 I/h. The flow is maintained

by a pump ( 18 ), which is electronically controlled, the gas flow is monitored by the
flow sensor ( 14 ). In order to prevent a pulsation caused by the membrane oscillators
of the pump, damping spaces (17, 19 ) are installed before and after the pump.

See diagram next page
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Gas flow diagram:

Copyrignt © 2002 by ELTRA GmbH Germany — January 2002 — Operation Manual CS-500 6.2-3



6.3 Infrared cell:

The measuring principle is based on the infrared radiation absorbing property of many
gases. Each of these gases absorbs specific characteristic spectral wavelengths of
infrared radiation. The absorption spectrum is determined by the number, configuration
and type of the atoms in the gas molecules.

Solid state detector
with infrared filter

Chopper
blade

Gas Preamplifier
outlet

Gas.
inlet

Window

An infrared source is electrically heated and radiates broad-band infrared radiation.The light
Is interrupted by a rotating chopper blade, resulting in an alternating light. The chopper is
crystal controlled, so that the chopper frequency is highly stable. The infrared radiation then
passes through the measuring IR-paths, through wich a mixture of combustion gases and
carrier gas flow.

Depending on the composition of the gas mixture, certain frequencies of the infrared spectrum
are absorbed. The rate of absorbtion depends on the concentration of the gases.

As the infrared beam leaves the IR-path, it passes through an infrared filter, wich only allows a
narrow band of infrared radiation to pass. This narrow band must correspond to the IR
wavelenght for wich the sample gas shows ist maximum absorbtion capacity.

The intensity of the radiation after the filter thus corresponds to the concentration of a specific
gas in the path. The beam finally strikes a solid state infrared detector, wich emits an electrical
signal, in proportion to the intensity of the beam.

Since the beam is interrupted by the rotating chopper, as mentioned above, the detector
receives an alternating signal. Temperature and aging influences of the detector, as well as
noise, are thereby suppressed.

The signal thus obtained is amplified and rectifed, so that it leaves the infrared cell as a d.c.
value.

The infrared cells of the CS-500 do not require any manual zero adjustments. The zero and
sensivity adjustments of the infrared cells are permanently and automatically controlled by the
electronics. The detectors utilize solid state sensors combined with infrared filters. The
sensors are not gas filled, thus eliminating long term problems due to gas leakage. The CS-
500 can be equipped with up to four independent infrared cells.

The lengths of all four cells can be individually optimized to obtain maximum precision for the
target analyte levels of each customer. Each of the cells can be installed with infrared
absorbtion lengths ranging between 1 mm and 320 mm.

The infrared cell rack is temperature controlled, so that the sample gas which flows through it,
is kept at a constant temperature
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6.4 Electronic unit:

The electronic module contains all components for signal processing and control sequencing.
See Next page

During combustion, CO2 and SOz result, among other gases. The infrared cells emits
signals which correspond to the concentrations of these gases. See 6.3

In the electronic unit, an analogue / digital converter first converts the analogue signal.
When integration is started, the zero point is first automatically corrected, then the
analyser signal is linearised. This is necessary because the output signal from the
IR-detector shows an exponential curve as a function of the sample gas concentration.

The linearisation produces a correction which is exactly opposite to the curvature of
the detector characteristic, so that a linearised analysis signal can be integrated.

Integration ends after a pre-set minimum time. If the combustion should take longer,
the integration is prolonged. In so doing, the detector signal is compared to a
comparator level.

Integration is continued for as long as the measurement signal is higher than the
comparator level. When it falls below this level, the integration is continued for a few
seconds, in order to register the signal below the comparator level.

Should the measurement signal remain above the comparator level, the analysis is
interrupted by a pre-set maximum time.

The integration is then also completed. The integral value is directly proportional to the
SO2 or CO2 content in the combustion gases. The blank value is deducted from the
integral value.

The signal is then multiplied by the calibration value. By dividing it further by the

sample weight, a result is obtained which is not dependent on the weight. This result
is directly shown as % S or % C in the digital display.
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Block diagram of the electronic module:

64K EPROM | 128K RAM

Balance interface

Printer interface
Computer interface

64 Digital I/O

8 Analogue outputs

8 Analogue inputs

64 1/0O drivers

8 Channel multiplexed

10 8 Channel multiplexed

11 16 Bit analogue / digital converter
12 Digital / analogue converter
13 LCD graphic display
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6.5 Furnace:

Description:

The temperature of this furnace is adjustable up to 1550°C. The combustion tube has an
inner diameter of 27 mm and a hot zone of about 200 mm. The temperature, which is
digitally displayed, can be adjusted with an accuracy right down to 1°C. The platform on
the front-side of the furnace serves to carry samples for the analyses, as well as their hot
t remainders, once extracted from the furnace. Inside the furnace inlet there is gas supply
jet, to ensure correct dosage of the combustion gas. On request, the HTF-540 can be
supplied with a flow meter and adjustable restrictor for the adjustment of the inlet gas
flow. At the furnace outlet there is dust trap, together with tube connection. A micro filter,
made up of fine precious stone fibre, is also available. A glass tube is connected at the
furnace outlet, which can be filled with e.g. moisture absorber or any other absorber. The
furnace’s robust housing, contains a built-in fan; thus ensuring low surface temperature,
in order to prevent contact injuries.

Temperature adjustment:

The HTF-540 employs silicon carbide heating elements. Full electronic control includes
current limitation during cold-start conditions to promote long element life. A separate
sensor is used to monitor ambient temperature and provide data for automatic reference
point compensation ensuring that furnace temperature is not affected by fluctuations of
ambient temperature. The furnace requires approximately 10 to 15 minutes to reach
operating temperature.

Combustion efficiency:

The design of the furnace boat stop ensures oxygen carrier gas penetrates into the
crucible, ensuring efficient combustion. This design eliminates the need for fragile lances
and honeycomb boat stops which tend to block easily with ash. Additionally the boat stop
protects the combustion tube from the aggressive combustion products, thus extending the
life of the tube.

The combustion tube is a simple straight A variety of combustion boats can be used in the
ceramic tube that is robust and inexpensive HTF-540 including the reusable ceramic boats
to replace. The life expectancy of the tube is (L=57mm, W=22mm, H=13mm). Porcelain or
measured in thousands of analyses and not guartz boats are also an option.

hundreds as is the case with other analysers.
( Protected by German utility model )
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7  MISCELLANEOUS

7.1 Ordering numbers:

Front side:
Analyser Furnace

] o

A0 (E ][I o] % %

?f[;g %E %% 70230

I—18175 m )
11064
70230 E °C
ELTER® csso00 et HTF 540
Carbon Sulfur Determinator St ﬁﬂ;m
/) ! e
NS
L] [ [ [ Ja131

09090 Reagent tube
11064 Reagent tube
11480 Adjustable restrictor
15087 Flow display 300I/h
15095 Flow display 600lI/h
18175 Electronic unit
35355 Lower reagent tube connector
36445 Platform
36700 Upper reagent tube connector
70230 O-ring
70320 O-ring
72010 Pressure gauge
78010 Main power switch

Copyrignt © 2002 by ELTRA GmbH Germany — January 2002 — Operation Manual CS-500

7.1-1

36700

70320

09090

70320

35355



Rear side:

Furnace Analyser

PRINTER

E DIGITAL E ANALDG

@

11035 Cooling fan

11492 Pressure regulator
36730 Viton tube

36735 PVC tube

36799 Cooling fan
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Analyser:

U o UL o 0
O O
O O
Ol O
al O
4 O
O O
O O
O O
a O
O O
- e -
0 353300 AL 35331 1139077
0 "y i 0
T = . 0
J 35310 77140+ |3
—— )
e IN ouT, O
O
© 0 8
15170 NR32 [ 1T .u:|1 FC21 e
15038 15098 O
. | . 09270 (= N g
- ge/gn HE
o A 0
D F— bl r—" ﬁ D
4-1-5
L]
09270 Gas pump
11390 Oxygen solenoid valve
15038 Pump control board NR 32
15098 Flow controller FC 21
35061 Pump support
35310 Pressure switch
35330 Attenuator volume
35331 Attenuator volume
77140 Main power filter
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Furnace:

Y 77450
[\_ 36720 [S—] “D o
77507 -
36288 — | 136242
|| 36288 77525
75140 T e 70380
-~ 90155 36101 |l see50
70380 B AR SRR
36465 —
<
70410

36283

Teflon 4x1 Lange:GScm—l

zum unteren Glasanschlufl ==

[ Viton 3x1 Lange:85cm

36799 H |
- g 36217=— =
[:lllﬂ] 36216 —5 36350
36101 Boat stop
36216 Combustion boat insertion stick
36217 Combustion boat removing stick
36242 Ceramic plate
36283 Heating element connector
36288 Heating element connector
36445 Front panel for the combustion boat
36465 Ceran plate
36620 Dust trap
36665 Spring
36799 Cooling fan
* 36907 Temperature control board TH 43/ TH 44
36908 Cable for TH 43/ TH 44
36914 Thermocouple
36975 LCD - display DVM 2
70380 O-ring
70410 O-ring
75140 Coil spring washer
77450 Temperature switch
77507 Ceramic tube
77525 Heating elements, 4 pcs
90155 Combustion boats
90162 Combustion tube

* Note:
36907 Temperature control board TH 43 is an older version.
36904 Temperature control board TH 44 is a newer version and fully compatible.

Copyrignt © 2002 by ELTRA GmbH Germany — January 2002 — Operation Manual CS-500 7.1-4



Furnace:

36720 Tube black
36725 Teflon tube for 36720
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TIC-module:

7.1-6
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70320
70350
70370
10196
11091
11093
11105
11110
36751

Dust trap for metal analysis:

O-ring
O-ring
O-ring
Support

Dust trap mechanism.

Dust trap washer
Metal dust filter
Dust trap housing
Panel

11091
70350

70370

11110 —
11105
70320

11093

36750

10196

36751
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7.2 Packing:
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Holzkiste

Before packing, the analyser and the furnace must be wrapped in plastic foil, to protect
them from moisture and dust, and then to be placed in a wooden case. The wrapped
analyser

and furnace, should be surrounded by a layer of foam ( chips ) of at least 10cm,

in order to avoid any damage due through transport.

Especially the foam where the analyser and furnace are put on, is very important. It should
be neither too hard nor too soft. When the foam is too soft, the analyser will practically
touch the wood. Fix the foam on the bottom of the wooden case by gluing.

The analyser and furnace should be wrapped in plastic foil, especially when you use chips

or any other kind of material in small pieces.
The glass tubes must be empty.
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7.3 Pre-installation guide:

Following requirements apply, when installing the Analyser Eltra CS-500:

Carrier gas: Oxygen 99.99% pure; 2 - 4 bar (30 - 60 psi).
Main power supply: 230 VAC 10%, 50/60 Hz; 20 A fuse.
Analyser dimension: 55 x 52 x 60 cm.

Furnace dimension : 33 x52x60cm

Analyser weight: ca. 40 Kg

Furnace weight: ca. 25 Kg

The balance should rest on a vibration free support.

Connections for oxygen and compressed air; outer diameter = RY4".
( The tubes supplied together with the analyser, carry a connector with G%." inner diameter ).
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Inspection and Quality Certificate

We herewith confirm that the Eltra products manufactured according to the quality and quantity
you require.

Thanks to a thorough inspection before shipment, the instrument, together with its accessories,
the consumption materials and spare parts, are free of manufacturing defects and will provide
excellent performance.

When treated in a proper way for the required application, according to the specifications

from our offer, our order acknowledgement and in accordance with our catalogue

specifications, the above products will show good results, and therefore will be used to your
entire satisfaction.

Y. Polemitis 2003-08-19
Name Date Signature
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