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Abstract — Graphene is a fascinating material for fabricating flexible and transparent devices owing to its thick-
ness and mechanical properties. To utilize graphene as a core material for devices, the transfer process of
graphene is an inevitable step. The transfer process can be classified into wet and dry methods depending on the
surrounding environment. The adhesion between graphene and a target substrate determines the success or failure
of the transfer process. As the surface energy of graphene is an important parameter that provides adhesion, it
is useful to estimate the surface energy to understand the mechanisms of the transfer process. However, the exact
surface energy of graphene is still disputed because the wetting transparency of graphene depends on the polarity
of the liquid and target substrate. Previously reported results use graphene transferred by the wet method. How-
ever, there are few reports on the surface energy of graphene transferred by the dry method. In this study, the
surface energy of graphene transferred by the wet and dry methods is estimated. Wetting transparency occurs for
certain combinations of liquids and substrates. For graphene on a polar substrate, the surface energy decreases
by 25 and 35% for the wet and dry transfer methods, respectively. However, the surface energy of graphene on
dispersive substrates decreases by ~10% regardless of the transfer method. In conclusion, the surface energy of
graphene is 36~38 mJ/m’, and differs depending on the transfer method and polarity of the substrate.

Keywords — contact angles (3 37}), surface energy (3% I A]), graphene (22 ), wet transfer (55241 <
AD), dry transfer (742 ZAP)
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Table 1. Surface tension of the deionized water (W), diiodomethane (DM), and formamide (F)

Liquids Y7 [mN/m] ¥ [mN/m] 7" [mN/m]
DI Water 18.7 53.6 72.8
Formamide 58.2 39.5 18.7

Diiodomethane 49.5 1.3 50.8
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Fig. 1. Contact angles of (a) deionized water, (b) diiodomethane, and (c) formamide on wet transferred graphene on
various substrates and contact angles of (d) deionized water, (e) diiodomethane, and (f) formamide on dry transferred
graphene on various substrates. The images inserted in the graph is the contact angles of the graphene on substrates.
The blue, red, pink color means the graphene is on the p-PET, SiO2/Si, h-PET substrate, respectively.
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