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FTIR Spectroscopy

Introduction
DEF is a colourless liquid which is beneficial in the 
reduction of nitrogen oxide (NOx) emissions from 
diesel engines. To meet emission requirements 
diesel engine manufacturers use Selective Catalytic 

Reduction (SCR). This system injects the DEF through a catalyst, converting the 
harmful nitrogen oxides into nitrogen, water, and carbon dioxide1. DEF is often stored, 
transported and delivered using multipurpose tankers that may have been used for 
other types of related petroleum products, leading to the possibility of contamination of 
the DEF. If contaminated DEF is put into the engine the following problems can occur:

n Increased consumption of DEF 
n More pollution in the exhaust 
n SCR system shutdowns leading to engine shutdowns 
n Damage to the catalyst which is very expensive to replace

The composition of DEF is 32.5% urea in purified water. When this standard is met, 
the SCR system works properly. The standard was published by the International 
Organization for Standardization (ISO), to ensure the problems listed above don’t 
occur and no NOx gasses are released into the atmosphere. The American Petroleum 
Institute (API) certification programme was designed to certify and monitor the quality 
characteristics of DEF2. Marketers can display the certification when their products 
satisfy the requirements of the most recent and applicable edition of ISO 222413, Diesel 
engines- NOx reduction agent AUS 32. The storage of DEF is just as important as its 
correct concentration to maintain the purity. DEF has a shelf life of one year and should 
be stored between 12 to 86 °F. 
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FTIR Analysis of Hydrocarbon Contamination in Diesel Exhaust Fluid (DEF)

A simple FTIR (Fourier Transform Infrared Spectroscopy) 
method on the PerkinElmer Spectrum™ Two+ using a solid 
phase extraction system developed by Orono Spectral 
Solutions can be utilised to determine the concentration of 
hydrocarbon contamination in DEF and other liquid urea feedstocks.

Experimental
Measuring the hydrocarbons in DEF was achieved using the 
standard operating procedure by Orono Spectral Solutions 
(OSS)4. The procedure consists of a series of steps :

• A 10mL aliquot of the sample is delivered through an  
OSS ClearshotTM Extractor using a syringe. 

• The extractor is rinsed with DI water to remove any  
residual urea solid. 

• The extractor is dried using a drying manifold.

• The extractor is placed in the FTIR sample holder and analyzed.

5 samples of different DEFs were processed through individual 
Clearshot Extractors using this procedure. All samples were 
measured using the PerkinElmer Spectrum Two+ (Figure 1) 
using the scan parameters shown in Table 1. A clean extractor 
was inserted and used as the background reference (Figure 2).

Calibration of the method was achieved using calibration 
standard devices from OSS. Spectra from the 3 calibration 
standard devices were used as standards for the Beers Law 
calibration in Spectrum Quant. The calibration graph created is 
shown in Figure 3 and used a baseline corrected absorbance 
peak height at 2920 cm-1. The correlation of the calibration was 
better than 0.999.  

Figure 1: Clearshot extractors on the drying manifold next to the Spectrum Two+ FTIR.

Figure 2. Sample measurement in the Spectrum Two FTIR using the Clearshot Extractor.

Scan Parameters

Spectral Range 3200 – 2700 cm-1

Resolution 8 cm-1

Number of Scans 16

Table 1. Scan Parameters for the standards and samples.

Figure 3. Calibration graph for OSS calibration standards.

Results and Discussion 
The spectra of the 5 DEF samples are shown in Figure 4. 

Figure 4. FT-IR spectra of 5 DEF samples by OSS extractor.

The quantitative determination of hydrocarbon concentrations 
in the samples were predicted using the Spectrum Quant model 
developed using the calibration standard devices. The results 
are shown in Table 2.
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Sample Concentration (ppm)

Sample 1 0.28097
Sample 2 0.39986
Sample 3 0.4088
Sample 4 0.30633
Sample 5 0.16636

Table 2. Predicted hydrocarbon concentrations for the 5 samples tested.

All of the samples measured had very low hydrocarbon 
concentrations below the acceptance threshold of 1ppm.

The complete FTIR analysis process can be incorporated into 
a Spectrum Touch method that will guide the user through 
the analysis all the way to the results. An example of the 
instructions and results screen are shown as Figures 5a and 5b.

Conclusion 
The data presented demonstrates that the FTIR method can be 
used to measure the hydrocarbon contamination levels in Diesel 
Exhaust Fluid. The method is easy to implement, rapid and 
can be performed by routine operators with minimal training. 
Additionally, the method does not require the use of any 
hazardous solvents and their subsequent disposal.
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Figure 5a and 5b. Spectrum Touch instructions and results for a Diesel Exhaust Fluid.

A

B

<https://www.dieselforum.org/about-clean-diesel/what-is-scr>
<https://www.dieselforum.org/about-clean-diesel/what-is-scr>
<https://www.api.org/products-and-services/diesel-exhaust-fluid>
<https://www.api.org/products-and-services/diesel-exhaust-fluid>
<https://www.ossmaine.com/wp-content/uploads/2017/04/Method-SOP-Urea-Liquor.pdf>
<https://www.ossmaine.com/wp-content/uploads/2017/04/Method-SOP-Urea-Liquor.pdf>
<https://www.ossmaine.com/wp-content/uploads/2017/04/Method-SOP-Urea-Liquor.pdf>

