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Introduction 

Traditionally, the analysis of used oils has been conducted by physical and 

wet chemical methods. FTIR spectroscopy has become a routinely used 

technique to analyze used oils, providing the following major advantages1: 

 Ability to simultaneously determine several parameters from a single 

experiment 

 Increase in speed of analysis 

 More cost effective than traditional techniques 

 Mobility and portability allowing remote on-site analysis 
 

The Agilent FTIR Oil Analyzer is designed to meet the requirements of the 

US Department of Defense Joint Oil Analysis Program (JOAP)2 for use in 

their condition monitoring program as well as commercial applications. It is 

optimized for monitoring relative changes in various indicators of oil 

conditions (oil failure symptoms) using a standardized protocol developed by 

the Joint Oil Analysis Program Technical Support Center (JOAP-TSC). This 

protocol sets the data extraction algorithm for several types of petroleum 

and synthetic-based lubricants and hydraulic fluids, and eliminates the need 

for reference samples as spectral subtraction is no longer required. 

The Agilent Oil Analyzer software allows users to readily customize existing 

methods as well as create new methods to measure other parameters and 

properties of lubricants defined by the user. The methods can be easily 

adjusted for performing analysis of samples where spectral subtraction is 

required. 
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This application note describes the tools available 

with the Agilent FTIR Oil Analyzer and procedures 

that a user should follow to customize analysis 

methods, while reinforcing the importance of reliable 

calibration in quantitative spectral analysis. 

Analysis methods 

The sampling and analyzing procedures available in 

the Agilent FTIR Oil Analyzer conform to the ASTM 

E 2412–04 “Standard practice for condition 

monitoring of used lubricants by trending analysis 

using Fourier Transform Infrared (FTIR) 

Spectrometry”3. These methods provide a generalized 

protocol for condition monitoring of contaminants 

and breakdown products in used lubricants including 

water, ethylene glycol, fuels, incorrect oil, soot, 

oxidation, nitration and sulfonation. The methods are 

based on calculating trends and distributions from 

mid-IR absorption measurements, and encompass 

both direct and differential (spectral subtraction) 

trend analysis approaches. 

The Agilent Oil Analyzer software is configured to run 

twelve predefined analysis methods that correspond 

to different classes of lubricating oils or hydraulic 

fluids, and their applications with differing limits. The 

methods are: 

 Aircraft hydraulic (Mil-H-83282) 

 Aircraft hydraulic (Mil-H-83282_350 ppm limit for 

water) 

 Dextron transmission fluid 

 Engine crankcase (Diesel_gasoline_natural gas) 

 Fire retardant hydraulic (Mil-H-46170) 

 Gas turbine or Helo Gbx (Mil-L-23699) 

 Ground equipment hydraulic (Mil-L-2104_10W) 

 Ground equipment synthetic hydraulic           

(Mil-H-5606) 

 

 

 

 

 

 

 Marine diesel crankcase (Mil-L-9000) 

 Conostan IR OTS fluid 

 Steam turbine (Mil-L-17331) 

 Generic or undetermined (Unknown lubricant 

type) 

 

Each of the methods measures numerical indicators 

(parameters) that are related to the oil’s condition. 

The software then generates a report that contains 

thirteen measurement parameters, as listed below: 

 Water in EP fluids 

 Antioxidant reading 

 Ester breakdown 

 Water in petroleum 

 Soot value 

 Oxidation by-products 

 Nitration by-products 

 Antiwear reading 

 Gasoline dilution 

 Diesel/JP8 dilution 

 Sulfate by-products 

 Ethylene glycol 

 Other fluid contamination 
 

Additionally, a separate procedure for predicting Total 

Base Number (TBN) is available and can be integrated 

into existing methods. 

The parameters are reported in the units of spectral 

absorbance (peak areas or heights) rather than in 

physical concentrations, such as ppm, wt.% or mg of 

KOH. Figure 1 shows an example of a typical standard 

Oil Analysis report. 



 

3 

 

Figure 1. Typical standard Oil Analysis report 

Calibration 

All analysis methods in the Agilent FTIR Oil Analyzer 

consist of a set of calibration models (procedures) in 

the form of corresponding files with an indication of 

the calibration model’s type (univariate, or 

multivariate, or a combination). The analysis method 

may be composed of one or several calibration files. 

The construction of calibration models in quantitative 

spectral analysis is a two-step procedure: calibration 

and validation. In the calibration step, indirect 

instrumental measurements (spectra) are obtained 

from standard samples in which the value of the 

parameter of interest has been determined by a 

standard reference method (an accurate direct 

measurement method). The set of spectra and results 

from the reference method, referred to as the 

calibration set or training set, is used to construct a 

model that relates parameter values to the spectra. 

Before the calibration model is accepted and used for 

prediction, it should be validated by a set of 

independent (not used in the calibration set) samples 

of known parameter concentrations (validation set). If 

parameters from the validation set fall within 

acceptable accuracy limits using the model derived 

from the calibration set, an acceptable model has 

been constructed that can be used to predict for new 

“unknown” samples. 

To build a univariate calibration model, it is necessary 

to specify a single measurement from a spectrum, 

such as peak area or height that demonstrates the 

most distinctive spectral response for the parameter 

of interest. The univariate calibration and prediction 

procedures are available as a standard part of 

Resolutions/Resolutions Pro software and are defined 

as a simple quantitative analysis. The analysis is 

described in detail in the Resolutions online help and 

the corresponding system reference manuals for 

previous software versions (Win-IR Pro and Merlin). 

The user must generate a quantitative calibration 

document and save it as *.BSQ file using 

Resolutions/Resolutions Pro (Win-IR Pro or Merlin) 

software. 

Where spectral responses attributed to different 

parameters overlap and the selective spectral 

measurements for the parameter of interest is very 

difficult, univariate models may not be reliable. 

Multivariate methods such as Principal Component 

Regression (PCR) and Partial Least Squares (PLS) 

allow multiple responses at the selected 

wavenumbers to be used. These methods are better 

suited to extracting spectral information where bands 

overlap and it is difficult to discern the relevant 

spectral regions attributable to a particular parameter. 

The main advantage of multivariate methods is the 

ability to calibrate for a parameter of interest when it 

correlates in a complicated (non-specific) way with 

multiple spectral regions, while minimizing 

background matrix interferences in the lubricants. 

The Agilent Oil Analysis software allows multivariate 

calibration models created with the use of third party 

software to be incorporated in analysis methods. The 

PLSplus IQ package available as an additional 

application in the Galactic GRAMS/AI (GRAMS/32) 

software suite must be used. The “PLSplus IQ User’s 

guide” gives step-by-step instructions on how to 

construct and validate a multivariate calibration model 
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as well as theory of advanced statistical analysis in 

spectroscopic quantitative analysis. The user must 

build an accurate calibration model and save it into a 

*.CAL file using PLSplus IQ.  

The validity of empirically-built calibration models 

depends heavily on how well the standard samples 

(calibration set) represents the unknown samples to 

be analyzed (prediction set). In all cases, the 

selection of standard samples to be used for 

calibration must adequately cover the expected range 

of measurement parameters in the prediction set. 

This means that the expected extreme values for 

each parameter of interest in unknown samples must 

be included in the calibration set, as extrapolation 

outside the calibrated value range can be unreliable. 

It is important to ensure that any phenomena that 

influence the spectral measurements (e.g., not only 

the total amount of soot but its particle size 

distribution) also vary in the calibration set over 

ranges that span the levels of the phenomena 

occurring in the prediction set. It is also very 

important to minimize the errors in the standard 

sample parameters that are used to construct the 

empirical calibration model, as any calibration model 

can only be as accurate as the reference 

measurements from which it was constructed. 

Many conditions can affect the results obtained from 

FTIR lubricant monitoring such as lubricant type, 

engine type, operational conditions, environmental 

conditions, etc. When the conditions are changed 

significantly, new calibration models and methods 

may be required to ensure accurate prediction of oil 

properties. For instance, new calibrations may be 

required when a new oil type with a different base 

stock and additive chemistries comes for the 

analysis.  

Care must be taken when measuring overall oil 

quality parameters such as Total Acid Number (TAN) 

and Total Base Number (TBN) using FTIR 

spectroscopy. The secondary formation of acidic 

products in lubricants is characterized by TAN or 

indirectly by TBN, which assesses the consumption 

of basic reserve additives in the oil. While the various 

acids or bases present in a lubricant could, in 

principle, be individually quantified based on their 

characteristic absorption bands, no unique absorption 

bands can be directly related to TAN or TBN. Thus, 

only indirect FTIR spectroscopic methods for TAN and 

TBN have been standardized to date. In addition, 

there is a large discrepancy in new lubricant TAN 

values, from less than 0.1 mg KOH/g for R&O type oils 

to 9 or higher for some synthetic oils in industrial 

applications. On the other hand, the incremental 

decrease in TBN used to indicate that a product is 

failing, varies in broad ranges: some oils may have a 

new TBN value of 12, but rapidly decrease to a value 

of 3, whereas other synthetic oils may have the 

beginning TBN of 40. 

A calibration model for TBN is currently available in 

Agilent Oil Analyzer. The calibration is intended for 

prediction of the values in gasoline and diesel engine 

oils having typical baseline numbers not higher than 

12 mg KOH/g. 

Note that in many individual cases, in order to 

estimate TAN and TBN satisfactorily the user needs 

to construct a multivariate calibration model that 

would cover the higher range of values as well as take 

into account any other factors that could influence the 

accuracy and the reproducibility of spectral 

measurements. 

Method editor 

Once the univariate or multivariate calibration models 

are built, the corresponding *.BSQ or *CAL files must 

be moved or copied into the directory  

C [Local Disk]:\ Program 

Files\Varian\Resolutions\Oil Analyzer\Methods.  

This is the storage location for the available 

calibration and method files. Then, log in as 

Administrator to the Agilent Oil Analysis software and 

enter the Method editor. Follow the Chapter 11 

“Method Editor” in “Agilent Oil Analyzer operational 

manual” to incorporate the calibrations to an existing 

method or to develop a new method. 
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Note that spectral subtraction is available in the 

Agilent Oil Analyzer but was not utilized in JOAP 

protocol. It is not considered to be practical in view of 

the deployability aspect of many JOAP laboratories 

and that the required sample volume would increase 

because of the necessity of new oil samples to act as 

references. In order to apply the spectral subtraction 

procedure, the user needs to select “Use spectral 

subtraction” option in the Sampling method group in 

the General option dialog and edit the relevant 

analysis method, by clearing the “Zero less than 

Zero” check box in all the associated calibration 

models. Refer to Chapter 4 “General Options–Setup” 

and Chapter 11 “Method Editor” of “Agilent Oil 

Analyzer operational manual” for more information. 

Conclusion 

FTIR spectroscopy has been gaining increased 

acceptance as a method of choice for used oil 

analysis. Designed and optimized as a complete 

system for predictive maintenance programs, 

according to JOAP standards, the Agilent FTIR Oil 

Analyzer combines specific capabilities with the 

flexibility to be successfully used in any oil analysis 

laboratory. 

The Oil Analyzer software allows new and improved 

analysis methods to be built and ensures that new 

types of lubricating oils and fluids used in a variety of 

different machinery are timely and reliably monitored 

and tested.  

The software allows the user to include PCR/PLS 

methods to measure oil parameters and convert the 

units of spectral absorbance into physical results 

(ppm, wt.%, cSt, mg KOH/g oil, etc.) applying spectral 

subtraction if needed. 
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