
APPLICATION NOTE

Introduction
Products made from metal are part of our daily life: bridges, cutlery, 

electronical devices, medical implants etc. For many years the production 

of different metals has been very traditional. Some of the processing 

steps already used metal powders as educts, however recently, powder 

based additive manufacturing processes become more prominent, as they 

allow completely different ways of designing complex geometries. This is 

especially important if light weight and biocompatibility are required in 

for example the medical implant industry. Combined with the increasing 

demand for customized solutions, tailored to the human body, the usage of 

metal powders for metallic additive manufacturing techniques is expected 

to grow rapidly within the next decade.

The quality of the printed parts heavily depends on the quality of the virgin 

powder and/or the recycled powder. Metal powder that is not sintered 

during the production process can be recycled for the next printing job. 

However, it is important to know if the chemical composition is still as 

expected and needed. Otherwise using this powder might result in product 

failure. Therefore, the accurate determination of oxygen, nitrogen and 

hydrogen in metal powders is of great interest. 

The inductar® ONH cube is the instrument of choice for reliable analysis of 

the O, N and H content of virgin and recycled metal powders for additive 

manufacturing applications.

Determination of the oxygen, nitrogen 
and hydrogen content in metal powders

inductar® ONH cube

Combines highest data quality with 
improved ease of use.



The inductar ONH cube
Based on more than 100 years of experience in elemental 

analysis of organic materials, the German manufacturer 

Elementar developed a new, advanced and easy to 

operate inert gas fusion analyzer for the simultaneous 

determination of oxygen, nitrogen and hydrogen 

in inorganic materials: the inductar ONH cube. The 

instrument combines Elementar’s well-developed cube 

platform, which ensures a modern design and a well-

structured, easy-to-use system, and its comprehensive 

knowledge in automated sampling, reliable components 

and gas detection techniques. 

For simultaneous ONH analyses, the samples are heated 

by a solid-state induction furnace to just below 3000 °C. 

The bindings of oxygen, nitrogen and hydrogen are cracked 

and the gaseous compounds CO2, N2 and H2 are formed, 

which are detected with an infrared detector (IR), a 

Thermal Conductivity Detector (TCD) and with Elementar’s 

own Electronic Hydrogen Detector (EHS), respectively. 

The gas flow is purified by various moisture traps before it 

passes the detectors. In the three-element simultaneous 

ONH analysis mode, the gas stream is divided, so that one 

third of the gas stream flows through EHS detector and two 

third through the IR and TCD detectors.

After analysis, the used crucible is automatically removed 

from the extraction tube and disposed into a waste bin. 

Figure 1. Functional principle of the inductar ONH cube.

Technology highlights
The inductar ONH cube is the first commercial inert gas 

fusion analyzer on the market that uses advanced induction 

heating technology for the analysis of ONH in inorganic 

materials. This is a huge advantage, especially considering 

the amount of cooling needed for an instrument operation 

at temperatures up to 3000 °C. Due to the quickly heating 

induction furnace, only the sample itself is being heated 

and the need for cooling is massively reduced. Therefore, 

the inductar ONH cube does not require any extra external 

heat exchanger for cooling, but safely operates with an 

internal cooling system, based on a combination of a 

liquid coolant in cooling channels and air cooling.

During ONH analysis of inorganic materials, flux additives 

such as nickel, tin or graphite powder are usually 

necessary to extract the complete concentration of the 

elements of interest. Elementar offers a unique and easy 

way of introducing these flux additives into the reaction 

by using nickel capsules, nickel baskets and graphite 

crucibles as sample container. All sample containers can 

be fed into the extraction tube by the autosampler of the 

inductar ONH cube.

For the analysis of metal powders, nickel capsules can be 

closed using Elementar’s inPress capsule press, in order to 

prevent the loss of sample material during sample feeding. 

Graphite crucibles are automatically preheated inside the 

inert gas fusion tube in advance to get rid of all possible 

impurities before analysis. 

The top down gas carrier gas flow assures that potential 

dust, formed during the combustion process, will be 

captured in the special crucible adapter, which holds 

the graphite crucible with the sample material during 

analysis. The adapter works like a tray, capturing all dust 

and debris before the carrier gas and the reaction gases 

are carried further through the instrument. The crucible 

adapter needs to be replaced after about 75 - 100 samples, 

dependent on the sample material and sample weight.



Experimental 
For the determination of oxygen, nitrogen and hydrogen 

in all different kinds of metal powders all grain sizes are 

suitable. Powders should be thoroughly mixed before 

analysis though to ensure sample homogeneity. 

Different metal powders are weighed into ELCAP ONH nickel 

capsules and closed using the InPress capsule press, to 

make sure that the powder is not blown out of the capsule 

which would lead to a loss of material and thus in imprecise 

analysis results. A sample weight of 100 – 200 mg is used, 

which is the recommended sample weight for the analysis 

of refractory metal powders.

Graphite is added to the sample by using a second crucible  

made out of graphite, in which the nickel capsule is 

dropped for the heating process. The nickel capsule with 

sample material is placed in position X.1 on the sampler, 

while the carbon crucible is placed on the second position  

for this sample (X.2).

To avoid contamination, nickel capsules and carbon 

crucibles are only handled with tweezers. Different 

tweezer are used for the carbon and nickel capsules to 

avoid unwanted blanks.

The inductar software provides an intuitive multi-point 

calibration of appropriate reference materials. Multi-point 

calibration is used instead of single-point calibration to 

include the influence of different sample matrices on 

the calibration line. The calibration was performed using 

a series of certified reference materials (CRMs) tailored 

to the respective material class/alloy of various oxygen, 

nitrogen and hydrogen concentrations. Pin standards were 

used, which were simply fed into the nickel capsules. Two 

replicas of each standard were analyzed. 

Figure 2 shows the response of the detectors to the 

intensities of CO2, N2 and H2 in the carrier gas during the 

analyis. The calibration wizard of the inductar software 

automatically plots the resulting peak areas against the 

absolute oxygen, nitrogen and hydrogen masses of the 

standards and calculates a calibration line using linear 

regression (Equation 1).

 y = ax + b   Eq. 1

Calibrations are stable for at least a year and daily factor 

correction is applied. Different calibrations can be selected 

for the analyzed set of samples at any time after the 

analysis. An example calibration line for oxygen is shown 

in Figure 3.

Figure 2. Example of a simultaneous ONH analysis by the 

inductar ONH cube.

Figure 3. Example of a multi-point calibration for oxygen.

Results
The concentrations of oxygen, nitrogen and hydrogen (c) 

in the samples are obtained automatically by the software 

using Equation 2. 

 c(O,N,H) = (y - b) / (a * m)  Eq.2

The concentration is a function of absolute sample mass 

(m), peak area (y), slope of the calibration line (a) and value 

b, which is the intersection of calibration line and y-axis. 

The sample mass was transferred automatically from the 

balance to the software prior to the analysis and the peak 

area was calculated by the software after analysis. 

Each metal powder sample was analyzed four times with 

the inductar ONH cube. The O, N and H concentrations from 

the individual analyses and the average and standard 

deviation are shown in Table 1. 

The O, N and H concentrations could be analyzed with 

a very high precision, even for extremely low element 

concentrations.
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Summary and discussion
The concentrations of oxygen, nitrogen and hydrogen 

in various common metal powders used for additive 

manufacturing purposes can easily and successfully be 

determined with the inert gas fusion method used in 

the inductar ONH cube with induction heating. Excellent 

linearity of multi-point calibration allows an accurate 

analysis of the concentrations of all three elements in the 

complete detection range. 

Table 1. Analysis results for O, N and H for assorted metal powders.

SUBSTANCE O [%] N [%] H [%]

Fe / Co / Ni

0.4512
0.4357
0.444
0.4363

0.0092
0.009
0.0102
0.0097

0.0021
0.0022
0.0023
0.0022

average
SD

0.4418
0.0063

0.0095
0.0005

0.0022
0.0001

Ti6Al4V

0.1101
0.1015
0.1076
0.1013

0.0088
0.0085
0.0097
0.0083

0.0034
0.0031
0.0031
0.003

average
SD

0.1051
0.0038

0.0088
0.0005

0.0032
0.0002

Ferro silicon

0.0133
0.0137
0.0137
0.0130

0.0089
0.009

0.0089
0.009

0.0002
0.0002
0.0002
0.0002

average
SD

0.0134
0.0003

0.0090
0.00005

0.0002
0.0000

SUBSTANCE O [%] N [%] H [%]

Aluminium

0.0767
0.0770
0.0770
0.0769

N/A
N/A
N/A
N/A

0.0028
0.0027
0.0026
0.0026

average
SD

0.0769
0.0001

0.0027
0.0001

Nickel

0.0192
0.0186
0.0195
0.0191

0.0107
0.0099
0.0102
0.0101

0.00048
0.00050
0.00055
0.00052

average
SD

0.0191
0.0003

0.0102
0.0003

0.00050
0.00003

Iron

0.0270
0.0258
0.0264
0.0254

0.1011
0.1010
0.1027
0.1028

0.00026
0.00027
0.00029
0.00026

average
SD

0.0262
0.0007

0.1019
0.0035

0.00030
0.00003
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Elementar – your partner for excellent elemental analysis
Elementar is the world leader in high performance analysis of organic and inorganic elements. 
Continuous innovation, creative solutions and comprehensive support form the foundation of the Elementar 
brand, ensuring our products continue to advance science across agriculture, chemical, environmental,  
energy, materials and forensics markets in more than 80 countries.

Due to its low requirements on sample preparation as well 

as its fast and accurate results, elemental analysis with the 

inductar ONH cube is perfectly suited for process control, 

incoming goods control as well as quality control of virgin 

powders, recycled powders and small printed test samples. 

Using nickel capsules and easily handling them with the 

inPress capsule press ensures a smooth analysis process 

without the risk of losing any sample material. 

Further reading
For further reading about the technical details of the inductar ONH cube, see the following technical notes:

• Benefitting from Elementars nickel capsule press - inPress

• Comparison of H detection with Electronic Hydrogen Sensor and Thermal Conductivity Detector

• Minimal cooling requirements with the inductar ONH cube


