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(a) 0 min; (b) 5 min; (c) 10 min; (d) 15 min; (e) 20 min; (f) 25 min

Fig. 1. Surface morphology of NCD-G composite films after argon/oxygen plasma treatment for different time: (a) 0 min; (b) 5 min;

(c) 10 min; (d) 15 min; (e) 20 min; (f) 25 min.
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Fig. 2. Cyclic voltammetry -FE curves of NCD-G thin film electrode in different solutions after argon/oxygen plasma treatment for
different time: (a) 1 mol/L KCI solution; (b) 0.001 mol/L [Fe(CN)6]* /* and 1 mol/L KCI solutions.
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TARKEBR R 8] 5 NCD-G #EBEH B2 7E 1 mol/L KC1 % 0.001 mol/L Fe(CN)6J3 /+ %3 i iy B fk 24

Electrochemical performance parameters of NCD-G thin film electrodes in 1 mol/L KCl and 0.001 mol/L

[Fe(CN)6]*/* solution after argon/oxygen plasma treatment for different time.

Sample Potential window,/V Background 7 Peak potential Electrochemicallyi
current/(mA-cm?) difference AE,/V active area /(pC-cm?)
NCD-G-TO0 3.32 14.41 0.041 387
NCD-G-T5 3.43 18.52 0.061 2893
NCD-G-T10 3.46 1.66 0.111 1272
NCD-G-T15 3.53 5.14 0.112 811
NCD-G-T20 3.56 1.44 — 257
NCD-G-T25 3.50 10.24 0.075 775

X} H NCD-GO #i1 NCD-G5 (1) HL2% K F Ak
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argon/oxygen mixed plasma.
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Fig. 3. (a) Visible Raman bpectra of NCD-G thin films in the range of 800-2200 cm
; (c)—(e) some typical parameters of 800-2200 cm

(b) 2200—3500 cm ! i [l Raman 3 & ;

! and their fitting results; (b) Raman spectra in
! visible Raman spectra with the treatment time of
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25 min I}, 4xNIAF TPA & A%, dib2eimiE
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B4 AR R 2 B 0E T v R BB AL R T K T R N B A B AR 45 18] (a)—(a2) NCD-G-T5; (b)—(b2) NCD-G-T20;

(c)—(c2) NCD-G-T25

Fig. 4. Low power high-resolution TEM images, local magnification images and corresponding Fourier transform images: (a)—(a2)

NCD-G-T5; (b)—(b2) NCD-G-T20; (c)—(c2) NCD-G-T25.
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Fig. 5. (a) The C 1s spectra of NCD-G thin film electrode after argon/oxygen plasma treatment for different time; (b), (c¢) evolu-

tion diagram of some typical parameters after XPS fitting with thermal oxidation treatment time.
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Abstract

The diamond/graphene composite electrode has garnered significant attention due to its ability to
synergistically combine the low background current and broad potential window of the diamond component
with the high electrochemical activity of the graphitic component. In this study, argon-oxygen plasma etching is
employed to treat nanodiamond/graphite composite films, and the surface structure of the few-layer graphene-
coated nanodiamond is obtained by adjusting the etching time to control the number of graphite layers on the
surface of the film, and then the surface layer of the few-layer graphene-coated nanodiamond and the bottom
layer with good conductivity with more graphite components are constructed to form a double-layer structure.
The experimental findings demonstrate that when the argon/oxygen plasma treatment time reaches 5 min, the
graphite components on the surface layer of the film are etched into a structure of small-layer graphite coated
nanodiamond, which increases the resistivity (2918.3 Q-cm) and potential window (3.43 V). In addition, the
surface state is changed from hydrogen termination to oxygen termination, so that the diamond grain has a
positron affinity potential, and the electrochemical active area increases from 387 to 2893 pC/cm? As the
treatment time continues to extend to 20 min, the number of graphite layers on the surface of the film
decreases, the diamond phase content increases, the resistivity of the film increases, and the electrochemically
active area decreases. When the etching time reaches 25 min, the graphite layer under the composite film is
exposed, and the graphite on the surface of the diamond is transformed into few-layer graphene, forming a
double-layer structure of the top layer of few-layer graphene-coated diamond and the bottom layer of graphite,
which synergistically improves the electrochemical activity (775 pC/cm?), reduces the resistivity of the
composite film (1060.0 ©2-cm) and broadens the potential window (3.50 V). This work provides a novel plasma-
etching strategy for fabricating diamond/graphene hybrid electrodes, and new insights into using the
complementary advantages of these carbon allotropes for advanced electrochemical applications.

Keywords: diamond/graphene composite films, Ar/O plasma etching, electrochemical properties
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