
Introduction
Diesel exhaust fluid (DEF), alternatively 
called AUS 32 and marketed as AdBlue 
is composed of 32.5% urea and 67.5% 

deionized water. It is a diesel fuel additive stored separately from the car’s fuel tank. To 
comply with Euro 6 regulations, diesel cars use a Selective Catalytic Reduction (SCR) 
catalyst to inject AdBlue into the exhaust. When added into the exhaust system AdBlue 
reduces the nitrous oxide emissions by breaking down the harmful mono-nitrogen 
oxides and forming nitrogen and water. 

SCR is one of the most cost-effective and fuel-efficient technologies available to reduce 
diesel engine emissions and preserve the environment. It is important to ensure the use 
of the correct specification of AdBlue in order to avoid damage to the car’s SCR catalyst. 

ISO method standard 22241-2:2019 (E) specifies analytical methods for the testing of 
AdBlue, in which Annex J allows for the FT-IR verification of AdBlue.

Experimental 
In this study, the PerkinElmer Spectrum Two™ FT-IR was equipped with a UATR 
(Universal Attenuated Total Reflectance) accessory. Typical spectra of water, urea and 
AdBlue are shown in Figure 1. Spectra were recorded at 4 cm-1 resolution with a scan 
time of approximately 30 seconds per sample. 
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Figure 1. ATR spectra of Water (green), Urea (red) and AdBlue (black). Figure 3. AdBlue capillary film spectrum. 

Figure 4. SIMCA model for 20 AdBlue spectra.

Figure 2. ATR spectra of AdBlue (red) and standard solution (blue).

Infrared (IR) spectroscopy is an analytical technique that allows 
for the visual comparison of a sample against a standard 
reference sample for confirmation that the material is AdBlue. 
The ISO method uses the presence of two urea peaks at  
1460 cm-1 and 1157 cm-1 as the confirmation. 

A typical AdBlue spectrum is shown in Figure 2 overlaid with a 
standard 32.5% urea solution spectrum.

Transmission vs. ATR Measurements of AdBlue 
The ISO method allows for either transmission or ATR 
measurements of the AdBlue samples for identification purposes. 
A transmission spectrum of AdBlue is shown in Figure 3. The 
spectrum was recorded by placing the AdBlue sample between 2 
zinc selenide windows, producing a capillary film. The ISO method 
specifies a transmission pathlength of 50 or 100 microns can 
be used. However, these pathlengths are too large, resulting in 
water and urea bands that are too strongly absorbing making the 
measurement impossible. The capillary film is estimated to be 
about 10 microns thick. The peaks in the transmission spectrum 
used for AdBlue identification occur at 1464 and 1161 cm-1. The 
same sample was measured on the Spectrum Two UATR. The 
spectrum is shown as Figure 2. It can be seen that the peaks 
used for AdBlue identification have shifted to 1460 and 1157 
cm-1, a shift of approximately 4 cm-1. This is normal for ATR 
measurements and is represented within the ISO method. 

Advanced Analysis of AdBlue 
Visual inspection of the spectra will simply show the 
presence of urea in the material and is not sufficient to say 
if the material is within specification. Using the Compare 
algorithm in the Spectrum software allows for differentiation 

of the standard reference to the unknown and determine any 
differences. A perfect match between the unknown and the 
reference spectra will give a result of 1.00 with the Pass/Fail 
threshold normally set to 0.98. For the 2 spectra shown in 
Figure 2 the Compare correlation value was 0.99

However, the Compare algorithm is not sensitive enough to 
small changes in percentages of urea within AdBlue samples, 
thus requiring a more sensitive algorithm to determine if the 
sample is within specifications. This can be achieved using 
an Assure ID model for PASS/FAIL determination and/or 
Spectrum Quant should accurate quantitative determination of 
urea content be required.

AssureID uses a SIMCA algorithm to develop a model to account 
for variation observed within acceptable AdBlue samples. This 
model used total distance ratio metric to determine a Pass/Fail 
threshold with the distance ratio limit set to 1. First derivative 
pre-processing was used to remove baseline effects. A SIMCA 
model was generated for 20 AdBlue spectra, shown in Figure 
4. Most of the samples in the model form a close cluster with a 
couple showing variation. This may be due to batch variability 
or other reasons that need to be included in the model. A series 
of validation samples were prepared with a range of different 
urea concentrations. The results from these validation samples 
are shown in Table 1. The results show that the AdBlue will fail 
when the concentration of urea is outside of acceptable limits. 
The PASS/FAIL threshold could be fine-tuned to modify the 
concentration range at which a sample would fail.
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Figure 5. Beer's Law Calibration for urea concentrations.

Table 1. Assure ID verify results for validation samples containing different  
urea concentrations

Sample 
Name Method Name Identified As Verify 

Result

Total 
Distance 

Ratio
29.95% Urea AdBlue 1st Deriv AdBlue Pass 0.8822
31.04% Urea AdBlue 1st Deriv AdBlue Pass 0.7084
32.50% Urea AdBlue 1st Deriv AdBlue Pass 0.8946
33.33% Urea AdBlue 1st Deriv Not identified Fail 1.1576
34.03% Urea AdBlue 1st Deriv Not identified Fail 1.2444
35.33% Urea AdBlue 1st Deriv Not identified Fail 2.1041

Spectrum Quant software can be used to calculate the 
concentration of urea in percentage by preparing a Beer’s Law 
calibration using standards containing different concentration 
solutions of urea in water. These standards were measured on 
the UATR accessory and used for the calibration. The max height 
peak parameter was used to determine the peak maximum 
within the spectral range and two baseline points were used one 
at 1262 cm-1 and the other at 955 cm-1. The calibration is shown 
as Figure 5 and shows an excellent correlation coefficient better 
than 0.999. This method then enables AdBlue samples to be 
tested quantitatively to determine the urea content. 

Any of the described methods of analysis; Compare, Verify or 
Quant, can be incorporated into a Spectrum Touch method 
allowing for routine operation of the instrument and method by 
unskilled operators. An example using Compare is shown  
in Figure 6.

Figure 6. Spectrum Touch software showing result from AdBlue sample.

Conclusions  
The Spectrum Two FTIR allows fast and accurate analysis of 
AdBlue. The Compare algorithm achieves identification of AdBlue, 
the AssureID model provides a more sensitive acceptance test 
and Spectrum Quant can calculate accurate urea concentrations. 
Any of these methods can be implemented as a Spectrum 
Touch™ method. 


