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The Study on Hydrovoltaic Generator using Multi-Walled Carbon
Nanotube and Graphene Oxide Layer-by-Layer Method

Ji-Soo Oh*, Hee Jae Hwang*'

ABSTRACT: Hydrovoltaic technology is an emerging energy harvesting approach that generates direct-current
electricity from a single carbon-based device by utilizing the potential difference between wetted and non-wetted
regions. In this work, we fabricated hydrovoltaic generators by layer-by-layer (LbL) assembly of multi-walled carbon
nanotubes (MWCNTs) and graphene oxide (GO) on cellulose-based Korean traditional paper (Hanji), whose strong
capillarity promotes efficient water transport. The alternating stacking of highly conductive MWCNTs and oxygen-
functionalized GO forms a hierarchical architecture that optimizes charge generation and transport. The device with
three MWCNT/GO bilayers (MC-G#3) delivered a peak short-circuit current of 15.55 pA with only 20 pL of water,
representing a 2.55-fold enhancement over the MWCNT-only device (MWCNT#3). The correlation between the
capacitance ratio (wet vs dry) and output current further highlights the role of the electrical double layer (EDL), while
multi-device connection and external-load matching experiments demonstrated a maximum load-delivered power of
0.05897 uW at 47 k), indicating the potential of this system as a practical miniaturized power source.
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Fig. 1. Schematic illustration of the fabrication process for (a)
the 3-layer MWCNT-coated Hanji (MWCNT#3) and (b) the
layer-by-layer 3-layer MWCNT/GO-coated Hanji (MC-G#3)
using a dip-coating method
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Fig. 2. Electrical output performance of the hydrovoltaic gener-
ators. (a) Photograph of the fabricated device. (b) Open-
circuit voltage (Vo) and (c) short-circuit current (Is) gen-
eration curves of the MWCNT#2, MWCNT#3, MC-G#2,
MC-G#3 samples over time. (d) Comparison of peak VOC

and peak ISC values. (e) Internal resistance and (f) peak-
based calculated power index of the different samples
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Fig. 3. Morphological, structural, and capacitance analyses. (a)
FE-SEM images of MWCNT and GO powders. Surface FE-
SEM images of (b) MWCNT#3 and (c) MC-G#3 coated
Hanji. (d) Raman spectra. (e) Capacitance-frequency
curves in wet and dry states. (f) Capacitance ratio (Cwet/
Cdry)
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Fig. 4. Scalability and practical load-delivered power evaluation
of the hydrovoltaic generator. Output (a) voltage and (b)
current of multiple devices connected in series and par-
allel, respectively. (c) Output voltage and current, and (d)
load-delivered power of the device as a function of exter-
nal load resistance
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