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Introduction
2,6-di-tert-butyl-p-cresol (DBPC) and 2,6-di-tert-butyl phenol (DBP) 
are commonly used in transformer insulating oil as antioxidants. 
Transformer insulating oil is often exposed to high temperatures due 
to the high voltage electrical applications for which it is commonly 
used. As a result, insulating oil degrades over time, reducing its ability 
to act as an insulator and possibly leading to equipment failure.1

The chemical structures of the two commonly used antioxidants 
are shown in Figure 1. The recommended level of antioxidant in 
transformer oil is approximately 0.3 – 0.4%. It is common practice for 
more antioxidant to be added if the level drops below 0.15%. As a 
result of this, regular testing of transformer oils is necessary to ensure 
optimum functionality of transformer units. Infrared spectroscopy 
provides a fast method wherein the quantity of antioxidant in a 
sample may be determined in less than 30 seconds while adhering to 
regulations set out by ASTM D2668 and IEC 60666.2,3

Determination of DBPC and 
DBP in Transformer Insulating 
Oil According to ASTM 
D2668 and IEC 60666

Figure 1. Chemical structures of antioxidants DBPC (left ) and DBP (right).
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Experimental

Uninhibited transformer insulating oil meeting the 
requirements of ASTM D3487 was used to produce calibration 
standards as well as independent validation samples. GC 
grade DBPC (>99%) and DBC (99%) were obtained from 
Merck (previously Sigma-Aldrich). Calibration standards for 
each antioxidant were prepared by mass to give a calibration 
range of 0.01 – 0.5% antioxidant. 

All standards were measured using the PerkinElmer Spectrum 
Two™ FT-IR spectrometer with a 1 mm KBr transmission cell.  
A 1 mm KBr transmission cell was used as this allows for high 
energy throughput in spectral regions of interest therefore 
leading to improved detection limits when compared to other 
transmission cell materials and pathlengths. It is important to 
note that the ASTM and IEC methods for determination of 
phenolic antioxidants in insulating oils allow the use of KBr as  
an alternative to NaCl. KBr has the added benefit of being less 
hygroscopic than NaCl thus it is less likely the cell will degrade 
over time due to contact with phenolic antioxidants and 
moisture. The data collection parameters used for all samples  
are shown in Table 1. 

Table 1. Data collection parameters.

Parameter Value
Spectral Range 4000 – 450 cm-1

Resolution 4 cm-1

Number of Scans 4 

Corrections AVC

As described by the ASTM designation, a spectrum of uninhibited 
oil was subtracted from each calibration standard prior to building 
the model. In order to also adhere to IEC regulations, the 
uninhibited oil was mixed with n-pentane in a 2:1 ratio, passed 
through a solid phase extraction (SPE) column and the solvent 
evaporated to ensure the absence of any antioxidant materials. 

In order to validate the method, 3 quality control (0.08, 0.24 and 
0.47%) standards were used. In addition, a blank sample of 
uninhibited transformer oil was measured 10 times to calculate  
a limit of detection for each of the quantitative methods.

The calibration curves were constructed by plotting the peak 
height at 3650 cm-1 against concentration. 

All calibration and validation steps were carried out using 
PerkinElmer Spectrum Quant™. With the exception of 
subtraction of a spectrum of uninhibited oil, no pre-processing 
was applied to the spectra before calibration. 

In addition to the 3650 cm-1 band which may be used for 
quantification, there are bands mentioned by ASTM D2668 which 
may be used to identify which antioxidant is present. These are  
745 cm-1 for DBP and 860 cm-1 for DBPC. 

Results and Discussion

Calibration 
The blank-subtracted calibration standard spectra of DBPC  
in transformer oil are shown in Figure 2. 

Figure 2. Blank-subtracted calibration standards of DBPC in uninhibited oil.
cm-1

The calibration curves produced for DBP and DBPC are shown  
in Figure 3.

Figure 3. Calibration curves for DBP (top) and DBPC (bottom) in insulating oil.

The calibrations demonstrated R2 values of 0.9999 and 0.9997 for  
DBP and DBPC respectively, indicating a high level of correlation. 

Validation

To ensure validity of this method, independent validation samples  
were prepared at varying concentrations within the calibration range. 
Validation results for DBPC and DBP are shown in Tables 2a and  
2b respectively. 

Table 2a. Validation results for DBPC.               

Sample Concentration (%) Predicted Concentration (%)
0.080 0.081

0.240 0.239

0.450 0.444

Table 2b. Validation results for DBP.           

Sample Concentration (%) Predicted Concentration (%)
0.080 0.082

0.240 0.240

0.450 0.466



This method allows for very accurate prediction of samples 
with concentrations between 0 and 0.5 % antioxidant. 
Detection limits for these methods were determined by 
measuring spectra of 10 blank uninhibited transformer oil 
samples and applying the corresponding quantitative method 
to calculate the blank concentration. The limit of detection is 
calculated using Equation 1. 

LOD=γB+3sB

Where γB is the mean determined concentration of the blank 
and sB is the standard deviation. Using this equation, it was 
determined that the limit of detection for these methods was 
0.005 % and 0.004 % for DBP and DBPC respectively. 

Identification of Antioxidants

Although the bands around 3650 cm-1 provide very robust 
calibrations for both DBP and DBPC, there may be scenarios 
wherein the user does not know which antioxidant is present. 
ASTM D2668 refers to peaks at 745 cm-1 and 860 cm-1 which 
may be used to identify the presence of DBPC and DBP 
respectively. Spectra demonstrating the increased absorption at 
745 cm-1 for DBP and 860 cm-1 for DBPC are shown in Figure 4.

Figure 4. Spectra of DBP (red) and DBPC (black) showing bands used for identification.
cm-1

Conclusion

FT-IR spectroscopy provides a fast, simple and cost-effective method 
for evaluating the levels of antioxidant in transformer insulating oil. 
The standard ASTM and IEC methods provide frameworks which 
allow the concentration of antioxidant to be monitored ensuring 
optimum performance of equipment. For laboratories where  
high-throughput analysis is required, these quantitative methods  
can be easily implemented using the PerkinElmer OilExpress™ system 
allowing for automated analysis of up to 100 samples per hour. 
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