ELTRA CS-2000 DUAL FURNACE CARBON  SULFUR ANALYZER – APPLICATIONS
_______________________________________________________________________

Applications – Induction furnace

	Material/
Analysis time (s)
	Sample + Accelerators
	Calibration
	Typical results

	Aluminium

50 s.
	1.5 g ± 0.2 g Tungsten

700 mg ± 50 mg Sample

0.7 g ± 0.1 g Nickel
	LC
	0.1 % C Steel
	60 ppm C

	
	
	HC
	2.0% C Steel
	3 % C

	
	
	LS
	0.1 % S Steel
	0.2 % S

	
	
	HS
	
	

	Ash

50 s.
	1.6 g ± 0.2 g Tungsten

120 mg ± 50 mg Sample

0.5 g ± 0.1 g Iron
	LC
	0.1 % C Steel
	

	
	
	HC
	2.5 % C Steel
	3.5 % C

	
	
	LS
	0.1 % S Steel
	

	
	
	HS
	
	

	BaCO3

50 s.


	1.7 g ± 0.2 g Tungsten

110 mg ± 30 mg Sample

0.8 g ± 0.2 g Iron
	LC
	
	

	
	
	HC
	6.08 %C BaCO3
	6.08 % C

	
	
	LS
	
	

	
	
	HS
	
	

	BaSO4

50 s.


	1.0 g ± 0.2 g Tungsten

200 mg ± 100 mg Sample

1.0 g ± 0.2 g Iron
	LC
	
	

	
	
	HC
	
	

	
	
	LS
	
	

	
	
	HS
	13.7 %S BaSO4
	13.7 % S

	Lead pieces

100 s.

Comparator level =1


	2.5 g ± 0.2 g Tungsten

2.0 g ± 0.1 g Sample
	LC
	0.1 % Steel
	60 ppm C

	
	
	HC
	
	

	
	
	LS
	0.1 % S Steel
	100 ppm S

	
	
	HS
	
	

	Lead powder

100 s.

Comparator level =1


	2.5 g ± 0.2 g Tungsten

800 mg ± 100 g Sample
	LC
	0.1 % Steel
	60 ppm C

	
	
	HC
	
	

	
	
	LS
	0.1 % S Steel
	100 ppm S

	
	
	HS
	
	

	Soil

60 s.


	1.8 g ± 0.2 g Tungsten

250 mg ± 50 mg Sample

0.7 g ± 0.1 g Iron
	LC
	0.048 % C Steel
	0.03 % C

	
	
	HC
	1.03 % C Steel
	3.0 % C

	
	
	LS
	0.13 % S Cast iron
	1.0 % S

	
	
	HS
	0.336% S Steel
	2.0 % S

	CaCO3
50 s.


	1.7 g ± 0.2 g Tungsten

110 mg ± 30 mg Sample

0.8 g ± 0.2 g Iron
	LC
	
	

	
	
	HC
	12 % C CaCO3
	12 % C

	
	
	LS
	
	

	
	
	HS
	
	

	CaO

60 s.


	1.7 g ± 0.1 g Tungsten

370 mg ± 20 mg Sample

0.8 g ± 0.1 g Iron
	LC
	0.048 % C Steel
	

	
	
	HC
	1.33 % C Steel
	0.192 % C

	
	
	LS
	0.13 % S Cast iron
	0.017 % S

	
	
	HS
	0.336% S Steel
	

	Cast iron

50 s.


	1.2 g ± 0.2 g Tungsten

400 mg ± 100 mg Sample

0.3 g ± 0.1 g Iron
	LC
	
	

	
	
	HC
	1.33 % C Steel
	0.192 % C

	
	
	LS
	3.0 % S Cast iron
	0.017 % S

	
	
	HS
	0.1% S Cast iron
	

	Ceramics

60 s.
	2.2 g ± 0.2 g Tungsten

150 mg ± 50 mg Sample

0.7 g ± 0.1 g Iron
	LC
	
	

	
	
	HC
	12 % C CaCO3
	5.98 % C

	
	
	LS
	0.103 % S
	

	
	
	HS
	0.336 % S Cast iron
	2.57 % S


	Cement

60 s.
	0.8 g ± 0.1 g Tungsten

200 mg ± 50 mg Sample

0.8 g ± 0.1 g iron
	LC
	
	

	
	
	HC
	12 % C CaCO3
	

	
	
	LS
	
	

	
	
	HS
	13.7 % S BaSO4
	

	Cement

60 s.
	200 mg ± 50 mg Sample

1.1 g ± 0.1 g Iron
	LC
	1 % C Cement
	

	
	
	HC
	2% C Cement
	

	
	
	LS
	1% S Cement
	

	
	
	HS
	
	

	Chrome

70 s.
	1.5 g ± 0.2 g Tungsten

200 mg ± 50 mg Sample

0.8 g ± 0.1 g Iron
	LC
	0.048 % C Steel
	0.003 % C

	
	
	HC
	1.33 % C Cast iron
	

	
	
	LS
	0.13 % S Cast iron
	0.001 % S

	
	
	HS
	
	

	Chrome oxide

50 s.
	1.5 ± 0.2 g Tungsten

220 mg ± 50 mg Sample

0.6 g ± 0.1 g Iron
	LC
	0.1 % C Steel
	0.02 % C

	
	
	HC
	
	

	
	
	LS
	0.1 % S
	0.025 % S

	
	
	HS
	
	

	Limestone

60 s.
	1.8 ± 0.1 g Tungsten

250 mg ± 50 mg Sample

0.8 g ± 0.1 g Iron
	LC
	0.048 % C Steel
	

	
	
	HC
	1.3 % C Steel
	1.5 % C

	
	
	LS
	0.13 % S
	0.11 % S

	
	
	HS
	
	

	Cobalt

50 s.
	1.8 ± 0.2 g Tungsten

350 mg ± 50 mg Sample

0.3 g ± 0.1 g Iron
	LC
	0.048 % C Steel
	

	
	
	HC
	1.3 % C Steel
	1.5 % C

	
	
	LS
	0.13 % S
	0.11 % S

	
	
	HS
	
	

	Coal and coke

50 s.
	1.5 ± 0.2 g Tungsten

50 mg ± 10 mg Sample

0.5 g ± 0.1 g Iron
	LC
	
	

	
	
	HC
	3.0 % C Cast ironl
	70 % C

	
	
	LS
	0.1 % S Steel
	5 % S

	
	
	HS
	
	

	Copper

50 s.
	5 g Sample
	LC
	
	

	
	
	HC
	
	

	
	
	LS
	15 ppm S Copper
	10 ppm S

	
	
	HS
	
	

	Copper pin

50 s.
	2.0 g ± 0.2 g Tungsten

1.0 g ± 0.1 g Sample

0.1 g ± 0.01 g Iron
	LC
	
	

	
	
	HC
	
	

	
	
	LS
	0.1 % S Steel
	10 ppm S

	
	
	HS
	
	

	Cu-Ni

50 s.
	2.0 g ± 0.2 g Tungsten

0.7 g ± 0.1 g Sample
	LC
	0.048 % C Steel
	0.036 % C 

	
	
	HC
	1.03 % C Steel
	

	
	
	LS
	0.1 % S Steel
	40 ppm S

	
	
	HS
	
	

	Nickel

50 s.
	2.0 g ± 0.2 g Tungsten

0.8 g ± 0.1 g Sample

0.8 g ± 0.1 g Iron
	LC
	0.048 % C Steel
	

	
	
	HC
	1.03 % C Steel
	

	
	
	LS
	0.1 % S Steel
	17 ppm S

	
	
	HS
	
	

	Fe-Cr

50 s.
	2.5 g ± 0.2 g Tungsten

450 mg ± 50 mg Sample

0.2 g ± 0.1 g Iron
	LC
	0.1 % C Steel
	0.2 % C

	
	
	HC
	1.03 % C Steel
	6 % C

	
	
	LS
	0.1 % S Steel
	0.3 % S

	
	
	HS
	
	

	Fe-Mn

Fe-Mo

50 s.
	1.5 g ± 0.2 g Tungsten

250 mg ± 50 mg Sample

0.4 g ± 0.1 g Iron
	LC
	0.1 % C Steel
	0.2 % C

	
	
	HC
	3.0 % C Cast iron
	6 % C

	
	
	LS
	0.1 % S Steel
	0.3 % S

	
	
	HS
	
	

	Fe-Ni

50 s.
	1.7 g ± 0.2 g Tungsten

700 mg ± 100 mg Sample
	LC
	0.1 % C Steel
	0.2 % C

	
	
	HC
	3.0 % C Cast iron
	6 % C

	
	
	LS
	0.1 % S Steel
	0.3 % S

	
	
	HS
	
	

	Fe-Si

50 s.
	1.5 g ± 0.2 g Tungsten

250 mg ± 50 mg Sample

0.9 g ± 0.1 g Iron
	LC
	0.1 % C Steel
	0.2 % C

	
	
	HC
	3.0 % C Cast iron
	6.0 % C

	
	
	LS
	0.1 % S Steel
	0.3 % S

	
	
	HS
	
	

	Fly ash

60 s.
	2.2 g ± 0.1 g Tungsten

100 mg ± 20 mg Sample

0.3 g ± 0.05 g Iron
	LC
	0.048 % C Steel
	

	
	
	HC
	6.08 % C BaCO3
	10 % C

	
	
	LS
	0.13 % S Cast iron
	0.3 % S

	
	
	HS
	
	

	Gypsum

60 s.
	0.8 g ± 0.1 g Tungsten

200 mg ± 50 mg Sample

0.8 g ± 0.1 g Iron
	LC
	
	

	
	
	HC
	12 % C CaCO3
	

	
	
	LS
	
	

	
	
	HS
	13.7 % S BaSO4
	18 % S

	Ores

60 s.
	1.0 g ± 0.2 g Tungsten

130 mg ± 30 mg Sample

1.0 g ± 0.2 g Iron
	LC
	
	

	
	
	HC
	12 % C CaCO3
	10 % C

	
	
	LS
	0.1 % S Steel
	(3 % S

	
	
	HS
	13.7 % S BaSO4
	30 % S

	Ores

60 s.
	1.0 g ± 0.2 g Tungsten

130 mg ± 30 mg Sample

1.0 g ± 0.2 g Iron
	LC
	
	

	
	
	HC
	12 % C CaCO3
	10 % C

	
	
	LS
	0.1 % S Steel
	(3 % S

	
	
	HS
	13.7 % S BaSO4
	30 % S

	Iron ores

60 s.
	2.0 g ± 0.2 g Tungsten

250 mg ± 50 mg Sample

0.5 g ± 0.1 g Iron
	LC
	
	

	
	
	HC
	12 % C CaCO3
	10 % C

	
	
	LS
	0.1 % S Steel
	(3 % S

	
	
	HS
	13.7 % S BaSO4
	30 % S

	Rock sample

60 s.
	2.2 g ± 0.2 g Tungsten

150 mg ± 50 mg Sample

0.7 g ± 0.1 g Iron
	LC
	
	

	
	
	HC
	12 % C CaCO3
	5.98 % C

	
	
	LS
	0.103 % S Steel
	

	
	
	HS
	0.336 % S Steel
	2.57 % S

	Rubber

60 s.
	1.5 g ± 0.2 g Tungsten

40 mg ± 10 mg Sample

0.5 g ± 0.1 g Iron
	LC
	
	

	
	
	HC
	3.0 % C Cast iron
	60 % C

	
	
	LS
	0.1 % S Steel
	1.9 % S

	
	
	HS
	
	

	Silicon

60 s.
	1.7 g ± 0.2 g Tungsten

80 mg ± 20 mg Sample

0.4 g ± 0.1 g Iron
	LC
	
	

	
	
	HC
	12 % C CaCO3
	

	
	
	LS
	0.1 % S Steel
	0.02 % S

	
	
	HS
	
	

	Silicon Carbide

70 s.
	2.0 g ± 0.2 g Tungsten

60 mg ± 10 mg Sample

0.7 g ± 0.1 g Iron
	LC
	
	

	
	
	HC
	12 % C CaCO3
	30 % C

	
	
	LS
	0.1 % S Steel
	0.02 % S

	
	
	HS
	
	

	Slag

60 s.
	1.0 g ± 0.2 g Tungsten

500 mg ± 100 mg Sample

1.0 g ± 0.2 g Iron
	LC
	0.1 % C Steel
	

	
	
	HC
	2.0 % C Cast iron
	

	
	
	LS
	0.1 % S Steel
	0.8 % S

	
	
	HS
	
	

	Steel

50 s.
	1.5 g ± 0.2 g Tungsten

500 mg ± 100 mg Sample
	LC
	0.1 % C Steel
	0.1 % C

	
	
	HC
	3.0 % C Cast iron
	6 % C

	
	
	LS
	0.1 % S Steel
	0.3 % S

	
	
	HS
	
	

	Titanium

50 s.
	1.4 g ± 0.2 g Tungsten

500 mg ± 100 mg Sample

0.6 g ± 0.1 g Iron
	LC
	0.1 %C Steel
	0.016 % C

	
	
	HC
	
	

	
	
	LS
	0.1 % S Steel
	10 ppm S

	
	
	HS
	
	

	Titanium oxide

60 s.
	2.2 g ± 0.2 g Tungsten

300 mg ± 50 mg Sample

0.6 g ± 0.1 g Iron
	LC
	0.048 % C Steel
	

	
	
	HC
	
	

	
	
	LS
	0.013 % S Cast iron
	23 ppm S

	
	
	HS
	
	

	Titanium oxide

60 s.
	2.0 g ± 0.2 g Tungsten

220 mg ± 20 mg Sample
	LC
	0.048 % C Steel
	0.230 % C

	
	
	HC
	
	

	
	
	LS
	
	

	
	
	HS
	
	

	Tungsten carbide

70 s.
	1.7 g ± 0.2 g Tungsten

200 mg ± 50 mg Sample

0.6 g ± 0.1 g Iron
	LC
	
	

	
	
	HC
	6.14 % C WC
	6.14 % C

	
	
	LS
	
	

	
	
	HS
	
	

	Uranium

50 s.
	1.0 g ± 0.1 g Tungsten

800 mg ± 100 mg Sample

0.5 g ± 0.1 g Iron
	LC
	0.1 % C Steel
	0.50 % C

	
	
	HC
	
	

	
	
	LS
	0.1% S Steel
	0.07 % S

	
	
	HS
	
	


LC – low carbon measuring range

HC – high carbon measuring range

LS – low sulphur measuring range

HS – high sulphur measuring range

Applications - Resistance furnace

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”. 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:
[image: image2.emf]


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.

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 furnace temperature to 1450 °C.

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

· Transfer the weight to PC.

· Start analysis.

· 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 after stop pushing. 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 computer screen.

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. 

Some users push the sample “slowly” into the furnace up to the hot zone. This is wrong. The sample must stay at the ignition point and after the peak came down to a low level, then the boat should be pushed into the hot zone.

ASH ANALYSIS (C and S determination in ash).

· Adjust the furnace temperature to 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.

· After starting the analysis, push the sample up to the middle of the hot zone, resp. up to the boat stop.

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:
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where:
C – ash contents in the sample;



Wafter – sample weight after combustion;



Wbefore – sample weight before combustion;

CAUTION:
For sulphur and carbon analysis, readjust flow restrictor until lower flow indicator shows 200 l/h. Ensure that the moisture absorber is dry, replace if necessary, 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 furnace temperature over 1000 °C is sufficient.

· Sample weight approx. 400 mg.

· 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 furnace temperature over 800 °C is high enough.

· The sample is directly pushed up to the boat stop.

LIMESTONE ANALYSIS.
· The 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.

CEMENT ANALYSIS.
If only the carbon value is required, deactivate the sulphur range.
· The sample weight is between 200mg and 500mg, depending on the C-concentration and on the sensitivity of the IR-cell.

· Adjust the furnace temperature to 1250 °C.

· Enter the sample directly up to the boat stop.

· For sulphur analysis in cement we recommend an induction furnace analyser.

ANALYSIS of GYPSUM and desulphurisation products (of power plants). If only the carbon value is required, deactivate the sulphur range.

For carbon analysis:

·  Adjust the furnace temperature to 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.

For sulphur analysis:

· Take nitrogen as carrier gas (instead of oxygen).

· Adjust the furnace temperature to 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 18,6 % S.

ANALYSIS of PLASTICS.
· Adjust the furnace temperature to 1450 °C.

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

· 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 computer screen. 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 furnace temperature to 1300 °C.
· Take 350 mg of sample.

· Set the minimum analysis time to 50 s.

·  Set the comparator level to 150.
LOW CARBON ANALYSIS

The IR-path of the low carbon is usually 10mm only. The maximum possible length is 320mm. Even though with 10mm IR-path a sample of 50ppm can give reasonable results and good carbon peaks. This shows that the CS-2000 is capable to analyse even much lower carbon values when the path length is 15 times longer! Please, note that it is not a problem to make the CS-2000 very sensitive in carbon. The limits are set by the air entering the system and by the blanks of the boat. The good results can be obtained by using quartz boats. NO CHANCE to measure in this low range if you use ceramic boats. Their blanks and their deviations are huge compared to the sample’s carbon.

Even without using any low carbon attachment for preventing the air from entering the furnace, it is possible to obtain acceptable results in the 50ppm range.

A PC should be connected so that the base line and the peaks of combustion can be seen. A first thing to do is to check the base line. The blank value should be set to zero and the analyser should be calibrated with a higher sample so that the calibration factor is at least in a correct range.

Enter manually a usual sample weight taken for low carbon analysis, i.e. about 1000mg. Start the analysis cycle without entering sample or boat into the furnace. Repeat this 3 to 5 times. This way you know what is the reading caused by the air entering the furnace as well as by the base line drift and noise. So, when you run analyses later on, any higher value comes from sample and boat.

Of course the boats themselves can also be tested without sample: Enter manually 1000mg, press START and enter empty boats. The difference of the results to those without boat give evidence about the blanks of the boats. These blanks and their deviations must be much lower than the expected sample results and much lower than the expected sample deviations, otherwise an analysis doesn’t make any sense.

For even lower 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 CO2 which is detected by the carbon cell. As the CO2 concentration resp. the air flow entering the furnace is not necessarily constant, the varying CO2 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 CO2 of the entering air, practically doesn’t have any influence on the results.For low carbon analysis, with sensitive CO2 cells, the entrance of the resistance furnace has to be restricted. 

The combustion boats that are used are the slim quartz boats. They have to be used, not only because the bigger ceramic boats can not pass through the restriction attachment, but also because the quartz boats have much lower blanks than the 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.
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