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Nano Brief

In the latest nanotechnology news, vaccines in development for COVID-19 are using multiple forms of nanotech - from the strain itself
to the method of delivery. For example, mRNA vaccines are being encapsulated in protein nanoparticles. Subunit vaccines are
nanoscale by themselves. For more information on how nanotechnology has been helping COVID-19 vaccine research and
development, read more here: https://www.nature.com/articles/s41565-020-0737-y.

Another interesting nanotechnology application for the current time is the use of forgery detection and nanoparticle ink to prevent
possible attempts of election interference through misinformation or counterfeit ballots. Read more on this topic here:
https://www.nature.com/articles/s41565-019-0484-0.

For your information, this year all of the tradeshows we planned to attend, but have not attended yet have been cancelled due to the
COVID-19 pandemic. Hopefully next year we will be able to see you at our booth when the pandemic is brought under control.

Ebatco

With excitement we would like to invite you to join us to congratulate John Rosenow on his recent wedding! With it comes a name
change from Rosenow to Rosener, a combination of his own last name and his wife’s last name. We wish John well on this new page
of life!

As we continue to expand our lab services, we have added a brand-new nanoindenter to our instrument roster! Like the other three
nanoindenters in our lab, this Nanomechanical Test System Hysitron TI 980 (manufactured by Bruker, USA) is a state-of-the-art, high-
resolution nanomechanical test instrument that performs quasi-static nanoindentation, nanoscratch, nanofriction, nanowear,
nanocompression, nanocreep, nanoDMA tests and in-situ scanning probe microscopy imaging. In addition, the Hysitron TI 980 system
is also capable of extremely rapid testing, called Accelerated Mechanical Property Mapping, or XPM. This testing mode allows for tens
of thousands of nanoindents to be made in a matter of hours across hundreds of microns fully automatically. A nanomechanical



property map can be generated from this set of nanoindentation data, allowing for identification of different regions or phases within a
tested material area. Several XPM maps can also be performed in a larger array and then stitched together to form one larger property
map. The map data can then be analyzed and mined through an analysis program called TribolQ to obtain statically-meaningful phase-
specific nanomechanical properties. An excellent example of XPM technique applied to a ductile cast iron specimen is provided in the
Case Study Section of this newsletter.

The brand-new Hysitron TI 980 nanomechanical test system; Left: the main unit with environmental enclosure; Right: the quasi-static
nanoindentation and nanoDMA III transducers mounted on a granite platform inside the environmental enclosure.

Case Study

Accelerated Nanomechanical Property Mapping of Ductile Cast Iron

The mechanical properties of a material are some of the most important considerations in the design of a part. Bulk mechanical
properties can easily be measured using macroscale methods such as tensile testing, compression testing, or indentation. However,
many important materials such as alloys, plastics, or ceramics frequently contain multiple phases in the forms of fillers, inclusions,



precipitates, secondary phases, or impurities. In order to understand and predict mechanical performance of multiphase materials, it is
critical to determine the mechanical properties of each phase at the nano- and microscale.

Nanoindentation is a well-established method for measuring mechanical properties at the nanoscale by measuring the displacements of
a calibrated indenter tip into a specimen’s surface while forces are being applied. The force versus displacement curve is used to obtain
the material’s elastic modulus and hardness based on the Oliver and Pharr method. Since the interaction volume between the indenter
tip and the material is small, nanoindentation can reach nanometer spatial resolution. Traditional quasi-static nanoindentation takes
days of work to obtain the large numbers of measurements needed for mapping a sizeable area containing multiple phases. Recent
advancements in nanoindentation techniques have significantly reduced the testing time required and a similar mechanical property
map can be obtained in a matter of hours.

Ductile cast iron is a multiphase material that is well known for its superior vibration dampening capability and wear resistance. These
properties are directly related to its multiphase microstructure. To better understand the individual phases’ contribution to the bulk
properties, express nanoindentation property mapping was used to obtain high resolution mechanical property maps of 5560 ductile
cast iron. This type of cast iron contains spherical graphite nodules embedded in a matrix of ferrite and pearlite. A Bruker
TriboIndenter T1 980 with accelerated mechanical property mapping (XPM) was employed in this study. 10,000 indents spanning and
area of 106 x 106 um? and spaced 1 pm apart were made at a rate of 0.3 seconds per indent.
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Figure 1. Nanohardness map (top) and histogram (bottom) of 5560 ductile cast iron; hardness represented in color; median

hardness values for each phase noted on the histogram.

Figure 1 shows the hardness map determined from the XPM test. Different colors represent different hardness values. Figure 1 clearly
shows that three distinct phases with different nanohardness values are present. The yellow-colored ferrite phase surrounds each blue-
colored graphite nodule while the harder, red-colored pearlite phase makes up the rest of the matrix. Green colored regions represent
the transition between the graphite nodule to the ferrite. Interestingly, a diagonal line of slightly higher hardness indicates a scratch
where the material was probably work hardened.
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Figure 2. Reduced elastic modulus map of 5560 ductile iron.

Figure 2 is an elastic modulus map of the same area as shown in Figure 1. As can be seen from Figure 2, the blue-colored circular
regions are low-modulus graphite nodules, while the orange-colored regions are ferrite and pearlite. Their color difference is small due
to their similar elastic moduli.

Figure 1 (bottom) presents the histogram of the hardness data. The three peaks in the histogram correspond to the graphite, ferrite, and
pearlite phases in the specimen. Multivariate cluster analysis enables the determination of the average hardness and modulus for

multiple phases, even when two phases have similar modulus values, as shown in Table 1.

Table 1 Average Nanohardness and Elastic Modulus of Individual Phases Determined using XPM and Cluster Analysis

Phase | Nanohardness (GPa) | Reduced Elastic Modulus (GPa)
Graphite 0.73 £0.55 33.6 £24.28

Ferrite 4.31+0.35 197.47 £19.71

Pearlite 5.68 £0.53 205.84 +13.30

As demonstrated in this application note, the express nanoindentation mapping technique can survey nanomechanical properties at



impressive speeds. The map not only provides statistically significant results for individual phases, but also visualizes their high-
resolution spatial distributions. It also offers unprecedented insight into the understanding of multiphase materials.
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