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CNS methodology: Measuring the Total Amounts of Nitrogen, Carbon and 

Sulfur 

 

For total Nitrogen, Carbon and Sulfur analysis, solid sample 

materials are converted to N2, CO2 and SO2.  

 

 

Elemental combustion analysis of solid materials (soil or rock powder) is based on the 

transformation of solids into the gas phase by rapid and complete flash combustion of the sample 

material. The concentrations are then measured by gas chromatography. 

 

The general methodology is as follows: 

1) A rotating auto-sample changer delivers one tin 

encapsulated sample at a time into the top of the quartz 

combustion tube. 

2) This reaction tube, containing chromium oxide 

combustion catalyst and thin rods of copper, is held at 980°C. A pulse of pure oxygen 

(99.99% purity) is injected with each tin capsule. Thermal energy from the combustion of 

tin and sample material can generate a temperature of as much as 1700°C at the moment 

of flash combustion. All combustible materials in the sample are burned and the gas 

phase combustion products are swept out of the bottom of the combustion tube by a 

constant flow of non-reactive helium carrier gas. 

3) All nitrogen bearing combustion products, including N2 and the various oxides of NOx, 

passes through the reaction column that has thin copper rods. The nitrogen oxides give up 

their oxygen and emerge from the column as N2. 

4) All of the carbon is converted to CO2 and the sulfur is converted SO2. Water vapor is 

removed from the sample as the gases pass through a magnesium perchlorate vapor trap. 

The clean sample gases pass through a Gas chromatography column that separates the 

N2, CO2, and SO2. N2 elutes first, at about 1 minute. CO2 elutes second, at about 1.75 

minutes. SO2 elutes last, at about 7 minutes. 

5) The sample gas pulses and the references stream of helium pass through a detector. The 

differences in the thermal conductivity between the two streams are displayed as viable 

peaks and are recorded as integrated areas.  
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6) Linear regression is applied to combustion of known standard materials yields a 

regression line. This regression line is used to convert peak area of unknowns into total 

element values for each sample. 

The combustion analyzer used at Franklin and Marshall College is a Costech ECS 4010 

CHNS-O system. The GC column used us the column for CN and S. The calibration curve is 

generated using 7 aliquots of high purity standards.  

 

Specific CNS methodology 

1) Two Bypass samples are loaded in the auto-sampler first 

to check peak detection and peak timing.  Sample detection times 

are verified in the calibration set-up. 

2) A seven-point regression line is established by weighing 

4 aliquots of BBOT (0.25, 0.5, 0.75 and 1 microgram approximately) and 3 aliquots of 

sulfanilamide (0.3, 0.6 and 0.9 microgram approximately). The exact weights are 

recorded on the sample table and are used to calculate the regression line. 

3) Once the calibration standards, the correlation factors must be checked for the three 

elements. The factors should be 0.999xx. If they are not, one standard may be removed 

from the calculation to make the regression better. If more than one standard needs to be 

removed, then the standards must be rerun. 

4) Samples are weighed into tin capsules. 5-10 micrograms of sample are weighed out. 30 

micrograms can be used, but it depends on the carbon levels in the samples. If the carbon 

peak is too high, the peaks will have a flat top. The concentrations cannot be used if the 

peak has a flat top. Sulfur peaks can be broad and tend to get broader as the combustion 

tube gets used. Once the peaks get too broad, the combustion tube must be changed. 

5) The weights of the samples are recorded onto the sample table and are used by the 

software to calculate the percent of N, C and S in the samples.  
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