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FTIR Spectroscopy

Introduction
Condition monitoring of lubricants 
with FTIR spectroscopy is a useful 
diagnostic tool that can help us to 
determine whether a lubricant is 
fit for purpose during its service 

life. When the data acquired from such condition monitoring analyses is trended 
over time, the results can be further utilized to predict the lifetime of a lubricant 
as well warn of when lubricant failure is likely to occur1. FTIR Spectroscopy can 
provide vital data from analysing new and in-service lubricants concerning the 
chemistry as well as the degree of wear, contamination or mixing of the lubricant 
sample. However, analysing lubricating grease is different to other less viscous 
lubricants due to the physical characteristics of greases. Greases are made up of 
a combination of a fluid base oil, a thickener and an additive package and exhibit 
non-Newtonian fluid characteristics. It is because of these physical characteristics 
that greases cannot be analysed by traditional liquid flow cells. Analysing grease 
samples with Attenuated Total Reflectance (ATR) accessories does work but will 
yield spectra with low absorbance that are not necessarily representative of the 
whole sample. In this application note we will demonstrate how greases can be 
consistently and accurately measured with the PerkinElmer Spectrum™ Two FTIR 
Spectrometer and the Specac Pearl liquid transmission accessory.
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Sampling
Sampling greases repeatably can be difficult and as such 
making use of a standard methodology such as ASTM D7718 
provides an optimized procedure with which to obtain more 
consistent results. This sampling technique uses a passive 
sampling device to take representative grease samples from a 
variety of different equipment. The device can be threaded onto 
grease purge points to sample from things such as robot joints 
and electric motors. It can also be attached to a T-handle to 
allow the sampling device to reach into a machine and sample 
at the live zone of lubrication.  A spatula can also be used to 
collect grease from equipment such as pillow block or slewing 
bearings2. The sampled grease is then transferred to a syringe; 
this syringe is then used to fill a passive sampling device as 
shown in Figure 13. Multiple samples may need to be taken in 
some cases to be more representative, if this is the case mixing 
may be required to yield a more homogenous sample. The 
grease collected in the passive sampling device can then be 
taken to the laboratory to be analysed.

Instrumental
The Pearl accessory fits easily into the Spectrum Two sampling 
compartment as shown in Figure 2. The accessory is detected 
in real time by Spectrum IR software which will be used for data 
collection and processing. 

The cell is slightly overfilled with a layer of grease using a 
spatula. As the cell halves are brought together to close the 
cell the excess grease is squeezed out into the overflow area. 
Care must be taken to prevent bubbles from being caught in 
the sample and interfering with the analysis. Table 1 shows the 
typical scan parameters used to collect the grease spectra.

Figure 3: Open Oyster cell with ZnSe wedged lower window

Table 1: Typical scan parameters used to collect grease spectra

Figure 1: Passive Grease Sampling Device 

Figure 2: Spectrum Two with Specac Pearl fitted in the sampling compartment

Scanning Parameters

Spectral Range 4000 – 550 cm-1

Resolution 4 cm-1

Number of Scans 16

Pearl Cell Pathlength 50 µm

The sample of grease is then loaded into the Oyster Cell of 
the Specac Pearl. The window material of the cell was chosen 
to be ZnSe with a nominal pathlength of 50 µm. ZnSe was 
chosen as the cell window material as opposed to KBr due to 
the likelihood of some samples containing moisture and/or 
phenolic additives. Figure 3 shows the empty Oyster cell. 
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Moisture
Moisture is a common contaminant seen in samples of 
in-service lubricants. Excess moisture in grease can cause 
increased corrosion of machinery parts and lubricant oxidation 
amongst other issues. Moisture is easily identifiable as a large 
broad peak from 3100 –3500 cm-1 (characteristic of -OH bond 
stretching vibrations) and at 1640cm-1 (characteristic of -OH 
bond scissoring vibrations). The sensitivity of the analysis to 
moisture makes FTIR a useful method for screening grease 
samples to identify those that have an increased amount 
of moisture content. Figure 5 shows an overlay of a new 
reference grease (black spectrum) and an in-service grease 
(red spectrum) of the same formulation that has large quantity 
of water present in the sample relative to the reference. The 
area of the moisture peaks can be calculated in the software 
and trended to determine action limits.

Lubricant Mixing
Mixing occurs when two or more different greases are added 
to the same equipment in the field. Mixing greases can cause 
adverse reactions, such as oil separation and accelerated 
additive depletion which could cause the in-service grease to 
lose its ability to properly lubricate. FTIR is an accurate tool for 
identifying grease mixing, as the spectrum of a grease sample 
can be compared to the spectra of reference greases, and a 
mixed sample will show characteristic peaks from each grease 
that is present. Figure 6 shows a grease sample suspected 
of being mixed, compared to two references in the fingerprint 
region (1500 - 400 cm-1) with regions of uncommon peaks 
circled in red. The spectra of unknown greases can also be 
compared to a library of spectra obtained from reference 
greases to make an accurate identification.Figure 4: Overlay of a new grease sample and in-service grease demonstrating the 

effect of the ingress of opaque material.

Figure 6: Spectral example of lubricant mixing

Figure 5: Overlay of a new and in-service grease demonstrating increased water 
content in the in-service sample

Examples of Condition Monitoring Parameters for 
Grease Samples
Opaque Material
When comparing a new and in-service grease sample a change 
in the baseline level can generally be attributed to an ingress 
of opaque material. This has the same effect on the spectra 
as the Rayleigh scattering effects on flow cell measurements 
for soot content determination as described by ASTM D78444. 
In grease there are several sources of opaque material besides 
soot. Some of these include grease additives, fluid coking as 
well as wear particulates. Figure 4 shows an overlay of a new 
grease (black spectrum) with an in-service sample of the same 
grease (red spectrum). From the overlay it is easy to see the 
elevated baseline of the sample in comparison to the new 
grease reference because of the ingress of opaque material.
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Additives
As a primary component of lubricating greases, additive 
content needs to be monitored to assess the overall condition 
of the grease. Common additives to grease samples include 
phenolic antioxidants and antiwear. Phenolic antioxidants 
can be observed in the IR spectra with a characteristic peak 
at 3672 cm-1. A common antiwear example used in a variety 
of commercial greases is zinc dialkyldithiophosphate (ZDDP) 
which can be observed in the IR spectra by identifying its peak 
at 998 cm-1. Figure 7 shows a spectrum of a new grease with 
the characteristic peak of the phenolic antioxidant and ZDDP 
circled. These peaks can be monitored to determine when 
these additives have become depleted. Being able to monitor 
additive content is also a vital component of quality control 
during grease manufacturing.
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Conclusion
The Spectrum Two and the fixed pathlength Specac Pearl 
transmission accessory can acquire excellent data from both 
new and in-service grease samples. The improved resolution 
and sensitivity of the transmission accessory allow us to 
detect the wide variety of organic components that make up 
the grease as well as contaminants from the environment or 
in-service sources. In combination with the consistency of the 
results acquired when following a standard sampling procedure, 
the data obtained from the fixed pathlength transmission cell 
can be more accurately interpreted. The analysis can also be 
performed to confirm grease composition, detect grease mixing 
as well as screen in-service grease samples to identify potential 
alarm conditions for contamination or additive depletion. 
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Figure 7: New grease with characteristic additive peaks circled
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