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Introduction
Oxygen is first used in the steel making process, 
which is a controlled oxidation process, to remove 
excess carbon and impurities such as P, Si, and Mn 
from the hot metal. The level of dissolved oxygen 
in liquid steel must be lowered because oxygen 
reacts with carbon, forming CO, which results 
in excessive porosity during solidification. After 
the refining, a deoxidation process for removal of 
residual oxides (inclusions) follows. 
The nitrogen level present in the alloy has an influ-
ence on its mechanical and corrosion properties.

Increasing nitrogen levels can improve hardness 
and corrosion resistance of certain alloys but too 
high nitrogen levels can cause embrittlement, low 
ductility and inconsistent mechanical properties.

Thus, determining the amount of oxygen and nitro-
gen is critical to process and quality control when 
making steel but also nickel, and cobalt base alloys. 
The G6 LEONARDO provides a cost-effective, 
efficient and reliable means of determining oxygen 
and nitrogen in these materials.

Lab Report CS/ONH 24

Elemental Analysis

Fast and reliable Oxygen and Nitrogen Determination in Steel, Iron, 
Nickel, and Cobalt Alloys

G6 LEONARDO



Measuring Principle
The determination of oxygen and nitrogen in solids 
is based on fusing the sample in a graphite crucible 
under a flow of inert gas: inert gas fusion (IGF). The 
   G6 LEONARDO is equipped with a high-power elec-
trode furnace, allowing to reach sample temperatures of 
3000 °C to decompose to decompose even refractory 
compounds like nitrides. Under the applied conditions, 
oxygen in the sample reacts with the carbon of the 
graphite crucible to form quantitatively carbon monoxide 
(CO). Nitrogen compounds in the sample are decom-
posed, evolving N2 gas and hydrogen is set free from 
the sample just by melting.

FusionControl – Temperature Matters
The temperature applied to the sample is controlled by 
FusionControl to prevent overheating and formation of 
undesirable byproducts. CO is evaluated by advanced, 
non dispersive infrared detectors, while nitrogen is 
determined using a thermal-conductivity detector. CO 
and N2 are determined directly, absolutely unchanged, 
1:1, and with the ideal detection technique by this Smart 
Molecule Sequence™.

During a “normal” analytical cycle, the crucible is 
outgassed to remove contaminants. This is achieved by 
heating it to a temperature ~200 °C above the analysis 
temperature in an outgassing step prior analysis, result-
ing in negligible blank values, near zero.

Typical sample masses for the determination of oxygen 
and nitrogen are 0.5 – 1.0 g which can be analyzed 
without usage of additional fluxes. The shielded, rotating 
sample port of the G6 LEONARDO is able to transport 
sample of different shapes like chips and granules into 
the crucible without jamming or usage of additional 
capsules. If tin or nickel capsules are used, a blank must 
be determined for these accessories.

Fig. 1: Electrode furnace programming for ON in steel in  FUSION.ELEMENTS. 
Red: Outgassing and Delay; blue: analysis time.

Sample Preparation
If not present in a suitable form, samples can be pro-
duced in pin or piece form by punching or cutting or in 
chip form by drilling or milling. Particular in regard to 
oxygen determination, surface contaminations must 
be removed by filing or light grinding, using care not 
to overheat the sample. Subsequently, the prepared 
sample is washed in acetone, dried with warm air and 
immediately analyzed.

In case of drilling or chips, surface oxygen can be 
removed by etching for 1 min. with an acid mixture: 
acetic acid (99%), nitric acid (65%) and phosphoric acid 
(85%), each in equal volumes followed by rinsing, three 
times each, with distilled water and acetone.

Please refer to DIN EN ISO 14284 or ASTM E1806 for a 
detailed description of the standard practice for sam-
pling/sample preparation for steel and iron.

Method Parameters
FusionControl and the FUSION.ELEMENTS software 
introduce virtual control modes for the electrode 
furnace. This allows direct input of the temperature, 
although the control mode is power or current.

�� Furnace Control: Power (virtual by temperature)
�� Outgassing: 2500 °C, 40 s
�� Analysis Delay: 2300 °C, 10 s
�� Analysis: 2300 °C, isothermal
�� Analysis Time: 60 s (He carrier gas)
�� 85 s (Ar carrier gas)

The resulting curve of temperature vs. time is graphi-
cally visualized in the FUSION.ELEMENTS software.



Calibration
The calibration of the analyzer is performed by NIST1), 
EZRM2) or other suitable reference material. Because 
of oxygen surface contaminations, suitable calibration 
standards for oxygen are available in pin or ball form.

Procedure
I. Determination of the blank value
From the Calibration Wizard, run a minimum of 3 repli-
cates of the blank value by placing a graphite crucible 
onto the lower electrode tip and analyze.

To establish a blank for the analysis of powdered 
samples using capsules: place a capsule (leave capsule 
open) into the sample funnel of the analyzer before 
analyzing. Clean the upper and lower electrode between 
the replicates.

II. Measuring reference materials
1. Form the Calibration Wizard, choose CRMs for 

calibration and define them in the analysis software 
with designation and the certified concentrations.

2. Weigh in ~1.0 g of a reference material, transfer its 
mass to the software and place the sample into the 
sample funnel.

3. Clean upper and lower electrode, place a graphite 
crucible on the tip of the lower electrode and 
analyze.

4. Repeat step 2-3, a minimum of three times for each 
reference material used.

Calibrate the method with the blank values recorded 
under I. and the results obtained with reference materi-
als II. (for more details refer to the user manual.

III. Sample measurement
1. In the Measurement Center, weigh an appropriate 

amount of the prepared sample, transfer its exact 
mass to the software and place the sample into the 
sample funnel.

2. Place a graphite crucible on the tip of the lower 
electrode and analyze.

3. Repeat steps 1-2 for sample analysis. Clean upper 
and lower electrode at regular intervals.

Typical Results
The reproducibility of the G6 LEONARDO and the 
method outlined is demonstrated by a series of repeti-
tive measurements of reference materials and produc-
tions samples.

1) National Institute of Standards and Technologies, USA

2) "Euronorm Zertifiziertes Referenzmaterial" or ECRM are 
released by the European Committee for Iron and Steel 
Standarization (ECISS). Examples for producing organizations 
under ECISS are: IRSID (FR), BAM (DE), VDEh (DE), Swerea 
KIMAB (SE), Jernkontoret (SE), BAS (UK).

BS-HON T (1g steel pin)
certified values: O: 0.0044 (± 0.0004)%

N: 0.0365 (± 0.0008)%

Mass / g Oxygen / % Nitrogen / %

1.0188 0.0045 0.0364

1.0178 0.0045 0.0366

1.0193 0.0042 0.0359

1.0191 0.0044 0.0369

1.0196 0.0043 0.0366
Mean3) 0.0044 0.0365

STD3) 0.0001 0.0004

EZRM D 286-1 (1.4305 stainless steel chips)
certified values: O: not certified

N: 0.0430 (± 0.0020)%

Mass / g Oxygen / % Nitrogen / %

0.2001 0.0328 0.0431

0.2080 0.0325 0.0433

0.5176 0.0328 0.0428

0.5104 0.0331 0.0432

0.5237 0.0331 0.0427
Mean 0.0329 0.0430

STD 0.0003 0.0003

3) Mean = arithmetic average; STD = absolute standard deviation (1s)

YSB C 41340B-2011 (1g ball)
certified values: O: 0.0008 (± 0.00008)%

N: 0.0084 (± 0.0003)%

Mass / g Oxygen / % Nitrogen / %

0.9543 0.00083 0.0088

0.9542 0.00095 0.0084

0.9535 0.00085 0.0080

0.9549 0.00087 0.0082

0.9539 0.00081 0.0086
Mean 0.00086 0.0084

STD 0.00005 0.0003

Steel Chips (production sample)
Mass / g Oxygen / % Nitrogen / %

0.5021 0.0054 0.0018

0.5018 0.0057 0.0016

0.5034 0.0056 0.0017

0.5084 0.0054 0.0017

0.5013 0.0053 0.0016
Mean 0.0055 0.0017

STD 0.0002 0.0001
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Summary
The G6 LEONARDO provides the required precision in 
a compact and easy to maintain form. Its SampleCare™ 
mechanism, the flexible choice of carrier gas, and the 
powerful but easy to use software allow robust and 
economic operation. This makes the G6 LEONARDO an 
ideal choice for the quality control of any metal produc-
tion industry.
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