
APPLICATION NOTE

NITROGEN ANALYSIS IN  
UREA SOLUTION

rapid N exceed®

rapid MAX N exceed

Determining the nitrogen content of  
diesel exhaust fluid

Introduction
Diesel exhaust fluid (DEF), commonly referred to as AdBlue or AUS 32 and 

standardized as ISO 22241, is a liquid used in modern diesel vehicles to 

convert harmful emissions created by diesel engines to non-hazardous 

gases, in order to comply with stringent emission standards. It is applied 

by different types of passenger cars, trucks, heavy commercial vehicles, 

tractors, and ships. 

DEF is an aqueous urea solution made of 32.5 % high-purity urea and 

67.5 % deionized water. This defined concentration ensures that the urea 

concentration is the same in the liquid and solid phase in case the DEF 

freezes. 

DEF is used in catalytic converters of diesel engines in order to lower the NOx 

concentration in diesel exhaust emissions. For quality control purposes, it is 

essential to analyze the total nitrogen in DEF to determine the urea content. 

This application note shows results of AdBlue analyses using Elementar’s 

nitrogen analyzers: the rapid N exceed® and the rapid MAX N exceed. Both 

instruments base on the principle of sample combustion and the subsequent 

analysis of the combustion gases by a thermal conductivity detector (TCD). 

The nitrogen determination in both systems is fully automated, reducing 

the time needed for a single analysis to only 3-4 minutes. 
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Standards
The rapid MAX N exceed and rapid N exceed  are compliant 

with the following international standards which describe 

the determination of urea content by total nitrogen:

• ISO 2241-2: Diesel engines –  

NOx reduction agent – AUS 32

• ISO 18611-2: Ships and marine technology –  

Marine NOx reduction agent AUS 40

Nitrogen analysis
To demonstrate the suitability of the rapid N exceed and 

the rapid MAX N exceed for the analysis of DEF, AdBlue was 

analyzed on both instruments with different carrier gases. 

The rapid MAX N exceed was operated with helium and 

argon as carrier gas, using a sample weight of 270 mg and 

550 mg, respectively. For these analyses, AdBlue was filled 

directly into reusable stainless-steel crucibles without 

further sample preparation. 

rapid MAX N exceed 
helium

rapid MAX N exceed 
argon

rapid N exceed  
CO2

N [%]

15.17
15.16
15.19
15.17
15.17
15.23
15.20
15.16
15.23
15.16

N [%]

15.21
15.17
15.19
15.12
15.24
15.22
15.21
15.20
15.17
15.19

N [%]

15.23
15.08
15.07
15.23
15.15
15.10
15.09
15.24
15.10
15.11

mean
SD

RSD

 15.18
0.03
0.18

mean
SD

RSD

15.19
0.03
0.22

mean
SD

RSD

15.14
0.07
0.44

Summary
For the determination of total nitrogen in diesel exhaust 

fluid, the rapid MAX N exceed and rapid N exceed 

demonstrate high quality analytical performance when 

using different carrier gases. Both instruments fulfill all 

requirements of international standards dealing with DEF. 

The accuracy and precision of the rapid MAX N exceed and 

the rapid N exceed make both instruments an excellent 

choice for the quality control of DEF.

For the rapid N exceed, which uses carbon dioxide as 

carrier gas, 150 mg AdBlue was weighed into a 300 µl tin 

capsule and closed with Elementar’s capsule sealing press.

The samples were analyzed in replicates of ten for 

each instrument. The methods used were “beer” 

and “250mgStandard” for the rapid MAX N exceed 

and rapid N exceed, respectively. For the daily factor 

determination, either aspartic acid or an ammonium 

nitrate solution was used. 

The mean value, the absolute standard deviation (SD) and 

relative standard deviation (RSD) were calculated for the 

ten replicates and the results are summarized in Table 1.

The results show that the nitrogen content of AdBlue can 

be determined with a very high precision and accuracy 

on both the rapid MAX N exceed and the rapid N exceed.  

The results for the nitrogen content of the different analyses 

are identical and in full agreement with the theoretical 

value within the experimental errors at a 99 % confidence 

interval. All relative standard deviations are below 0.5 %. 

Using helium as carrier gas leads to the best RSD, however, 

argon as carrier gas is a cost friendly alternative to helium 

and has an RSD just slightly higher than with helium. The 

rapid N exceed uses inexpensive carbon dioxide as carrier 

gas and has a slightly higher SD. Even lower standard 

deviations are to be expected upon increase in sample size.

Table 1. 10-fold determination of the nitrogen content 

in AdBlue on different nitrogen analyzers using different 

carrier gases.
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