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Preparation and intelligent deformation of paper-based
graphene polymer double-layer composite films
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Abstract; The flexible intelligent actuator can convert external energy into mechanical energy. and has good
application prospects in the fields of artificial muscles and software robots. In this paper. a paper-based gra-
phene composite bilayer film was designed and prepared, and the actuating deformation under the stimulation
of external light or humidity changes was realized. The paper-based graphene films with good flexibility char-
acteristics were prepared by multiple impregnation-drying and reduction methods, and combined with polypro-
pylene films. a two-layer film actuator was formed. Using the photothermal conversion characteristics of gra-
phene, the hygroscopic expansion characteristics of paper. and the thermal expansion characteristics of poly-
propylene. the rapid bending and large deformation of the actuator under external light stimulation was real-
ized. The photoinduced deformation amplitude of the actuator was further regulated by utilizing the anisotropy
of the fiber arrangement in the paper. In addition. the actuator could respond to the changes of humidity.
When the change in ambient humidity was 10%, the actuator could produce a bending deformation with a
bending angle of 41°. This is caused by the adsorption and desorption of cellulose fibers in the paper to envi-
ronmental water molecules, which causes the paper to expand or contract. The smart actuator has dual stimuli
source response characteristics. and with its simple preparation method. it is expected to play a role in appli-
cations such as origami robots and intelligent machines.
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