Acc. Mater. Surf. Res. https://www.hyomen.org

Accounts of

Materials & Surface

Research

Application of Conductive Diamond Powder to
Electrolysis

Takeshi Kondo*
Department of Pure and Applied Chemistry, Faculty of Science and Technology,
Tokyo University of Science
2641 Yamazaki, Noda, Chiba 278-8510, JAPAN
t-kondo@rs.tus.ac.jp

Based on the excellent corrosion resistance and efficient
generation of OH radicals, conductive boron-doped
diamond (BDD) electrodes are expected to be used as
highly efficient and durable electrodes for electrolysis. We
have developed BDD powder (BDDP) as a conductive
diamond powder, which exhibits basic electrochemical
properties as a BDD material, and have applied the BDDP
to a functional electrode material for electrolytic
processes. A BDDP-painted electrode, in which an ink
containing BDDP and a polysilazane binder was spray-
coated on a titanium substrate, was able to decompose
methylene blue (MB), as a model organic pollutant, and
the amount of decomposition per applied charge was
found to be greater than that at a conventional BDD thin-
film electrode. Another BDDP-painted electrode, in which
atitanium substrate is coated with a BDDP/silica film, was
applied to sulfuric acid electrolysis, which resulted in efficient generation of active oxidizing
species. A BDDP-packed bed can be used for an anode of an electrolytic water treatment system.
The BDDP-packed electrolytic flow cell showed an efficient and durable electrolysis of MB. By
using BDDP as an electrode material, various types of functional electrolysis systems that cannot
be realized using BDD thin-film electrodes is expected to be created.
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Figure 1. SEM images of (a) diamond
powder substrate and (b) BDDP. Particle
size distribution of (c¢) diamond powder
substrate and (d) BDDP. Reproduced with
permission from Ref. [4]. Copyright (2018)

The Chemical Society of Japan.
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Figure 2. (a) CV in 0.1 M Na2SO4 at BDDP-
painted electrode. Potential sweep rate was
100 mV s™'. (b) Relative MB concentration
as a function of charge passed during
constant current electrolysis of 40 uM MB at
BDD-thin film and BDDP-painted electrodes.
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Figure 3. (a) SEM image of BDDP/silica
electrode surface. (b) Anode potential during
constant current electrolysis of 1 M H2SOq at
0.6 mA cm™2 as a function of electrolysis

time.
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Figure 4. Anode potential during constant
current electrolysis of 10 M H2SO4 at (a)
BDDP/silica and (b) BDD thin-film
electrodes. Concentration of active oxidizing
species produced and current efficiency
(CE) as a function of constant current for the
electrolysis (c) BDDP/silica and (d) BDD

thin-film electrodes.

102



Acc. Mater. Surf. Res.

BN RELELRDI20, ZNHONHRE L5
P52 L3 TE7ev, Lo, BDDP/ U
BAEEMClZ BDDP i - CHieE ﬁs&ﬂi
ETCWDHEEZ BN, BDD MIREMmE [FRE, B2
FHEA SOSIINHIS AV ARE R, 2Rl
A R DEE 2 BND, LT
C, BDDP/ U A I EARI X IR A DB M
BB METEMERE IS LT, m\ ST S I AE
A CVDIENRIBEINTZEE ZHND, &
[ A a2 —hEIZLY BDDP/L U B ARE
TERIL7228, B T FEE T3 52 81240,
ﬂf%:szfjtﬁﬁ@?dﬁ FREM B AL A YT
VREMEERTEEHDEE 2T,

5. Efg/KNE~ DI HA%EBELT-BDDP FTiE
SR70—)L ORISR

JElZR~7-38Y, BDD FEMRILE 2D R T A
PN T B A /K AL FR B AL B & Ui

DHIFFSI TS, %, BDD EARE L Tl
*ﬁaﬁﬁﬁﬂﬁﬂ%ém*@\éﬁ EDYE,
D= Fﬁﬁﬁaém@ IR AR TR 22 /N E<
3‘571 %, BRRRIEE<T D, HDHW T
fwﬁﬁﬁm%b T CEMETERE T LUNERHD,
— 77, KL IROEMA B 717 MR LT- T
HigaEMmET 250, FEFITHV R[22
bRz B B L, ZOMICEMEITHIZE
D CELI-O @V AR R TR 5
EINTEDLEE ZBND, ZZ TARIME TR, TV
A —D—ERIZ BDDP % FEHH 7~ BDDP Fii

BB L D, FEHEfENO BDDP [A]
TIEEWICHEARL THD78, NRAUH VAT
HRA DI LN TELEE Z DD,

BDDP FEHif@/NEME L THERE T D L a e
NOLHTZD, ETNI N T R TORFEIToT,
PRI RS DY 1 em? OMUAFRR OB VIEEIC
FE&EERLREL, E£EREL T TEITH
5% 50 um @ BDDP % Fe3E L 7= (Figure 5a)
Figure 5b |2 BDDP SRR/ Sy F /L%
72 0.1 M Na,SOs ' CV %7573, BDDP FeiH
BE02g05 14 g FCELSETHELE
Z%, BDDP FHE B HIZLTZ0> TER
THEBAOFEEIIEEINL TWAIED DD

Acc. Mater. Surf. Res. 2023, Vol.8 No.2, 98-106.

https://www.hyomen.org

Counter
a electrode

BDDP-
packed bed
Epoxy resin

((m)
Current
collector

Current (UA)
o
I

-80 1 1 ]
-0.4 -0.2 0.0 0.2 0.4

Voltage (V)

Relative MB concentration (%)

]
0 20 40 60
Time (min)

Intensity (Arb. Unit)

0 | 1 | 1
360 380 400 420 440 460 480 500

Wavelength (nm)

Figure 5. (a) Structure of BDDP-packed
(b) CVs of 0.1 M
Na2S04 at BDDP-packed batch cells with
various BDDP amounts. (c) Relative MB

electrolysis batch cell.

concentration as a function of electrolysis
time at constant voltage electrolysis of 5V.
(d) Fluorescence spectra of 1mM NaTA in
0.01M Naz2SOs4 after electrolysis (5V, 30min).
Reproduced with permission from Ref. [12].
Copyright (2022) The Chemical Society of

Japan.
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Figure 6. (a) Structure of BDDP-packed
electrolysis flow cell. Relative MB
concentration as a function of electrolysis
time at constant-voltage electrolysis of 5V
with BDDP-packed flow cell a with (b) BDDP
amount of 0.8 g and various flow rates and
(c) with various BDDP amounts and a flow
rate of 2.0 mL min™'. Reproduced with
permission from Ref. [12]. Copyright (2022)

The Chemical Society of Japan.
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Figure 7. Relative MB concentration as a
function of accumulated electrolysis time at
a repeated electrolysis test with a BDDP
amount of 0.8 g and an electrolysis voltage
of 5V. Reproduced with permission from Ref.
[12]. Copyright (2022) The Chemical Society

of Japan.
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