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Some college students were lucky enough to grow-up near the beach, but when they go off to college,
they are not allowed to take their car with them due to campus restrictions. Sometimes, the car is
subsequently parked outside until the next time the student returns home, which can be months. Quite
common amongst drivers, and required for a manual transmission car, is the application of the parking
brake to prevent the car from moving. This application puts the break pad and rotor in direct contact and
in some cases, under heavy loads. Combine the force and contact with the salt water environment of the
beach and corrosive environments may occur, accelerating greatly the oxidation of the cast iron rotor.
Under certain conditions, mechanical bonding and perhaps some form of corrosive bonding occurs and
the brake pad and rotor appear to become a monolithic component? While this is not a frequent
occurrence, it has been known to require full removal of the assembly from the axel of the car.
In an attempt to characterize the bonded interface between brake rotor and pad a variety of characterization
techniques were used to provide experimental data. Macroscopic images from optical microscopy(OM)
provided a good frame of reference for the large bonded cross section and when compared with backscattered electron imaging and XEDS spectrum imaging(SI), acquired using a scanning electron
microscope(SEM), qualitative phase identification was possible from the macroscopic images. An obvious
bond between rotor and pad was not apparent from the OM or SEM imaging, conversely, a continuous
crack appeared to extend throughout the interface as shown in Figure 1. The XEDS SI was used to
characterize the interface, but also help locate a region for a transmission electron microscopy(TEM) liftout using a dual-beam focused ion beam (DBFIB), shown in Figure 2.
Utilizing the site-specific milling capabilities of a DBFIB enabled removal of TEM lamellae that spanned
the cracked region at the shortest gap, while also containing the pad and rotor. This allowed for the
apparent bonded interface to be cross-sectioned and thinned for nanoscale Super-XEDS™
characterization. Nanoscale XEDS SI was performed the identify chemical species at the interface, and
electron energy loss spectroscopy(EELS) was used to characterize the possible oxidation state of the
interface between the pad and rotor.
Further exploration of the 3D connectivity and morphology of the bond over a large area was performed
using a Thermo Fisher Heli-Scan™ Micro-CT. This was useful for determining the fraction of bonded
surface area for a local region. For this work, the SEM and XEDS SI was performed using a Thermo
Fisher Apreo™ SEM equipped with and EDAX™ SDD that provided excellent beam current, as well as
x-ray collection efficiency, while maintaining spatial resolution. TEM was performed using a Thermo
Fisher Titan™ 60-300 equipped with Super-X™ XEDS and a Gatan Enfina™ Spectrometer. [1]
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Figure 1. SEM images showing the brake rotor above and the brake pad below, a crack was observed at
the interface.
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Figure 2 (a). SEM images showing the FIB extraction site spanning the interface of the rotor and pad.
(b). FIB foil thinned to reveal weld interface.

