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Greases are complex substances that are prone to deprivation in their performance due to their operation under severe

operating conditions and contaminations due to water and particles. Therefore, they demand testing at regular intervals, to

understand the condition of the grease and henceforth, take necessary maintenance actions. As of now, the available test

methodologies require a large collection of samples from the components and testing in the laboratory, which leads to a

longer waiting time for the decision-making. To overcome these difficulties, a new state-of-the-art contact angle instrument

is proposed and developed that abides the latest ASTM requirements. This instrument determines the condition of the

grease by measuring the contact angle values of a water droplet on the grease surface. The key feature of the instrument is

portability, requiring a lesser amount of grease for testing, and a minute of testing time.

All greases are susceptible to both physical and chemical
degradation. Physical degradation primarily prevails due to:
shearing of grease at higher shear-rate, evaporation off of base
oil, contamination by particles and/or water or combination above
three processes, all occurring below 50° C [4]. The chemical
degradation of greases is due to the oxidation reactions, which
result in significant alterations to the chemical composition of the
base oil and thickener [5].

Clearly, the testing of grease to ensure proper functionality

is crucially important. Therefore, the development of testing
instruments to understand and improve grease quality has a
very high scope in numerous industries [6]. The commonly used
testing methods for testing greases are by using a rheometer or
penetrometer. Utilizing a combination of these two instruments
has proven to be effective, but due to the requirement of large
amounts of grease required to perform a test with a penetrometer,
the intensive expertise required to use a rheometer along with
the high pricing of both instruments, makes these methods
undesirable [3]. Further, these instruments are for laboratory
purposes and are not portable.

With the expertise from Louisiana State University, Koehler
Instrument Company is manufacturing a new state-of-the-

art contact angle instrument that abides by the latest ASTM
requirements. The technique of the instrument leverages the
chemistry behind the interaction of the water droplet with the
surface-active components within the grease structure to assess
the behavior of the grease [7]. The instrument analyses the
interactions to determine the grease properties such as: water
resistance, consistency, degradation of grease due to oxidation
etc. By determining the consistency change, the useful life of the
grease can be predicted [8]. The development and utilization of a
contact angle instrument will enable accurate and cost-effective

on-field testing of the greases using a small quantity of grease (0.1
gm of NLGI grade 2 grease).

The contact angle is the angle between the surface of the grease
and the gradient of the tangent of the droplet edge (see Figure 1).
Figure 2 depicts the qualitative relationship between the contact
angle and wetting properties. A larger contact angle often implies
the grease is hydrophobic/pristine/higher grade/non-oxidized
grease, while a smaller contact angle often means the grease is
hydrophilic/degraded/lower grade/oxidized.
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Figure 1. Visual Representation of the contact angle
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Figure 2. What the contact angle can tell us about the material [9]

The contact angle instrument is operated by dispensing a water
drop onto the semi-solid grease surface and capturing the video of
the water droplet [6]. The software deployed in the Raspberry pi (a
basic barebones micro-processor for the prototype model) is used
to determine the contact angle of the water droplet.

Figure 3. Raspberry Pi board

The contact angle instrument includes five major components that
all work in unison to produce an efficient and accurate result. The
components are: dispensing system, the stage, the viewing system,
grease holder, and the measurement system. The dispensing
system consists of a micro-syringe to hold and dispense the liquid
and can be operated manually or by a micro-pump [6]. The stage
is the part of the instrument that holds the solid surface still. The
viewing system consists of a camera to capture and a lens to
magnify the image of the water drop on the grease surface. The
viewing system also includes a monochromatic light source to
illuminate the samples and enhance the visibility of the outline of
the drop [6]. The viewing system assembly can be seen in Figure 4.
Grease samples are placed on the grease holder.
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Figure 4. Contact angle instrument viewing system

Lastly, the system measures the contact angle from the image
captured by the viewing system. It is important to note that the
measurement system is not a physical part of the instrument.

This is done using a software program set up to trace the grease
surface, droplet edge, and gradient to calculate the contact

angle. These programs can provide additional information like
drop volume and contact area with the correct calibrations [6].

A considerable proposition is often brought up to challenge the
contact angle method. This is because greases are a semi-solid
substance, and when a liquid droplet is placed on a greased
surface, the liquid spreads and gets absorbed by the grease;
therefore, the droplet size and the contact angle values change
with time. This instrument, to address this issue, includes a droplet
video recording at three frames a second with the images at
different intervals, which are analyzed for the contact angle [6].
The option to view all the contact angle measurements is available
in the instrument’s software.

The contact angle instrument is the perfect solution for the
industry in dire need of a portable and faster testing approach.
The concept of determining grease wetting properties by
measuring the contact angle can potentially change the lubrication
industry. The immense knowledge and data obtained through

this instrument allow users to become aware of any significant
problems with their grease and take necessary maintenance action.
Be sure to check for the flaws in your grease products upon next
use to potentially save your system from failing.
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