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Abstract

To increase biomass utilization, rice husk-based activated carbon (RHAC) followed by nitrogen plasma surface treatment was
prepared and the electric double-layer capacitor performance was investigated. Through nitrogen plasma surface treatment, up
to 2.17% of nitrogen was introduced to the surface of RHAC, and in particular the sample reacted for 5 min with nitrogen
plasma showed dominant formation of pyrrolic/pyridine N functional groups. In addition, mesopores were formed on the
RHAC material by the removal of silica, and the surface roughness of the carbon material increased by nitrogen plasma sur-
face treatment, resulting in the formation of many micropores. As a result of cyclic voltammetry measurement, at a scan rate
of 5 mV/s, the specific capacitance of the RHAC treated with nitrogen plasma increased up to 200 F/g, showing an 80.2%
improvement compared to that of using untreated RHAC (111 F/g). This is attributed to the synergetic effect of the in-
troduction of pyrrolic/pyridine-based nitrogen functional groups and the increase of the micropore volume on the surface of
the carbon material. This study has a positive effect on the environment in terms of recycling waste resources and using
plasma surface treatment.
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Figure 1. Manufacturing process of rice husk based activated carbon
(RHAC).
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Figure 2. Nitrogen-adsorption isotherms at 77 K (a), and pore size distribution (b) for untreated and nitrogen plasma treated RHAC.
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Table 1. Textural Properties of Untreated and Nitrogen Plasma
Treated Rice Husk-Based Activated Carbon (RHAC)

"SSA Viiwoe  "Viese Vi Vimiero/Viewl
(m’/g)  (em¥g) (cm'/g)  (em’/g) (%)
RHAC 3386 0.2121 0.4506 0.6627 32.0
N5-RHAC 3471 0.3379 0.5572 0.8951 37.8
NI10-RHAC 3467 0.3431 0.5214 0.8645 39.7
N15-RHAC 3082 0.2537 0.4957 0.7494 33.8

DSSA: Specific surface area, RAVANE micropore volume,
W ineso: mesopore volume, Vi total pore volume
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Figure 3. XPS survey spectra according to the presence or absence of silica removal of rice husk[(a) and (b)] and rice husk treated with nitrogen

plasma treatment[(c) and (d)].
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Table 2. C;; (a) and Njy; (b) Peak Parameters of Untreated and
Nitrogen Plasma Treated RHAC

(a) Cys Peak Parameters

Peak Ry Component RH NS- N10- N15
name AC RHAC RHAC -RHAC
C(1) 284.7 C-C(sp?) 726 59.5 65.6 64.8
C(2) 286.1 C-O/C-N 252 192 19.8 20.7
C(3) 287.4 C=0/C=N 22 12.5 9.8 10.6
C(4) 289.1 0-C=0 - 8.8 4.8 3.9
(b) Ny; Peak Parameters
Peak oV Component N5 N10 N15
name -RHAC -RHAC -RHAC
N(1) 398.6 pyridinic N 13.4 21.1 20.9
N(@2) 399.6 pyrrolic N 57.5 42.8 44.7
NQ@3) 400.9 quaternary N 23.1 25.7 23.1
N(4) 402.9 pyridinic-N-oxide 6.1 10.4 11.3
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Figure 4. XPS deconvolution of the core-level C;; [(a)~(d)], and N, [(e)~(g)] spectra of untreated and nitrogen plasma treated RHAC.
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Figure 5. Cyclic voltammograms of untreated and nitrogen plasma
treated RHAC.

Table 3. Specific Capacitance of Untreated and Nitrogen Plasma
Treated RHAC

Specific capacitance (F/g)

Samples
5 mV/s 50 mV/s
RHAC 111 23
NS5-RHAC 200 51
N10-RHAC 144 44
N15-RHAC 154 46
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Figure 6. Scheme of the electron transport mechanism in the pyrmrolic/pyridine N functional groups.
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