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Since the strong interlayer interaction of AB-stacked graphene in bulk form degrades the superior property of single-layer
graphene, the formation of randomly stacked graphene is required to apply the high performance of graphene to macroscopic
devices. However, conventional methods to obtain bulk-scale graphene suffer from a low crystallinity and/or the formation of a
thermodynamically stable AB-stacked structure.

The first part of this dissertation developed a novel approach to produce bulk-scale graphene with a high crystallinity and high
fractions of random stacking by utilizing the porous morphology of graphene oxide (GO) sponge and an ultrahigh temperature
treatment of 1500—1800 °C with ethanol vapor. Raman spectroscopy indicated that the obtained bulk-scale graphene sponge
possesses a high crystallinity and a high fraction of random stacking of 80%. The large difference in the random-stacking fraction
between the sponge and the aggregate samples confirmed the importance of the accessibility of ethanol-derived species into the
internal area. By investigating the effect of treatment temperature, a higher random-stacking fraction was obtained at 1500 °C.
Moreover, the AB-stacking fraction was reduced to less than 10% by introducing cellulose nanofiber as a spacer to prevent direct
stacking of graphene.

The second part of this dissertation provided a promising approach to prevent the strong interlayer interaction is the staking
order reduction of graphene, where the graphene layers are rotated in-plane to form a randomly stacking structure. To effectively
decrease the stacking order of multilayer graphene, nanospacers, cellulose nanofibers or nano-diamonds (NDs), was incorporated
in a formation process of porous graphene sponges and formed mixed-dimensional heterostructures. This study conducted an
ultrahigh temperature treatment at 1500 °C with ethanol vapor for the reduction and structural repair of graphene oxide sponges
with different concentrations of the nanospacers. Raman spectroscopy indicated an obvious increase in the random-stacking
fraction of graphene by adding nanospacers. The X-ray diffraction (XRD) analysis revealed that a small amount of the
nanospacers induced a remarkable decrease of ordered graphene crystalline size in the stacking direction. It was also confirmed
that a layer-number increase during the thermal treatment was suppressed by the nanospacers. The increase in the random
stacking fraction was attributed to the efficient formation of randomly rotated graphene through the ethanol-mediated structural
restoration of relatively thin layers induced by the nanospacers. This stacking-order-reduced graphene with bulk scale is expected
to be used in macroscopic applications, such as strain sensor in wearable devices.

In the third part of this dissertation, the reduced graphene oxide (rGO) and the rGO/ND sponge were employed as strain
sensors. Graphene shows promise as an alternative material for strain sensors, due to its excellent properties, which can overcome
the limitations of conventional metal ones. However, current graphene-based strain sensors are fabricated from chemically rGO
and suffered from low linearity and large hysteresis in sensor response as well as high initial resistance. These issues should be
caused by functional groups and defects remaining on the rGO. Herein, highly crystalline rGO was employed for the fabrication
of the strain sensor. The porous rGO sponge with low defect density was prepared in bulk scale via the ethanol-associated ultra-
high temperature process. The obtained rGO sensor exhibited improved linearity, low initial resistance, and small hysteresis
owing to the high crystallinity of the rGO. Composite of rGO/ND, which has a role as nanospacer to separate the rGO layers,
was found to be very effective to enhance the sensitivity.

In this study, high crystallinity and random-stacking fraction were achieved in the bulk-scale rGO sponge, overcoming the
limitations of conventional metal-based and graphene-based strain sensors. This makes it a promising candidate for applications
such as human motion detection and automated logistics transportation.
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