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Study on microwave-induced non-equilibrium chemical reaction by complex
permittivity analysis
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Microwave irradiation on oxide catalysts has been shown to increase reaction
rates and reduce reduction temperatures. These effects result from local or rapid heating at the
particle interface between the catalyst and the pressed powder. This study aims to elucidate the
mechanism of electromagnetic wave loss by measuring complex permittivity. Notably, this loss is
primarily due to Joule loss in samples containing conductors with a conductivity exceeding 3000 S/m,
particularly in thin films or particles. Additionally, complex permittivity measurements face
challenges when sample conductivity is high or microplasma is present, leading to reduced apparent

permittivity loss.



¥ X C—19,. F—19—1, 2—19 (58

1. WFEBHER YD =

R, ~ A 7 aE AR UALERIE T a0t 2AOFEN . AARE. BARK. B I v oS
n oy s LS B 2 B CARIC R SO T, FOBEIE, ERINEL - Ang .
BPUMEN 2 & D B ORISR 2060 L, SOGEE - RO ZE L) E0m b 3Rilis « 5 a3 2h 5
MIZEH ENTWVENLTH D, v~ 7 vl T T, BRKRER A 7 il THE S
N5 IEARR AR, B2, HrE RSO E S ESE IS~ A 7 I 2RI LEIRE S L <13
PRI BRI BT D8R - /ATNEC~ A 7 n b BFE L OMEERZR E~ A 7 o R %
RNEZD EINTWD, BlziE, 72X A Mz O 7-EERKERD 2-7 a8 ) —
K FE G (ROSIEEE 200~250°C) 1Z, BXFIMEADOIEMEL = %L ¥ —28 kd/mol (2% L,
~A 7 RS O%E T9kd/mol & KIEICIRT 2 2 L 2 A S Tnbd, £7=2, [A CREENH
RERAWEZT AR B OBAZENIGZ CTERIF & ~A 7 v iliRE %2 ik L, 500°CIZBiT 5
SOGRE L LT~ A 7 aiEBH O N 36% KEWRENELNLTWD, —F., &Rtz
TS TR T OCEN TR DR ERETMA L L THEINTWD, £ I TRIFIETII~A
I aIZ XV HE SN IR N~ A 7 0 2 — L OEHEFERNEDSFIGEA T =X LT
OV THRHEIT- 7,

2. WEDOHB
~A 7 o RE TS CHRBECIE TN CROGEE R\ ET 2 A=A 8%, ~A 7 nijkl
HTFREHIE TOERFERZ LAV THLNNI T2 ETHD,

3. WSOk

~ A 7 BT 5 IO B - RIS ORRTE S & T R & BT
ML . BRI CRHINEAT - 72, ABFECIH~A 7 RRIREL NV —7 v 7 RatL
v 0 IR IV, FENC, BRIV TR AT 5 T

4. R
~A 7 aE R EECHEEE 2SR TS

WIZ, ZOMIFRERD~A 7 u RIS
WTAHRBEZED Y I 2 L —F 2 HWTHE %

ATV, ZORME L REZ AT o 7o, BGREDRE R,
FRMEIZBOTIE, ARICTRIET S Z & T,

=

EEOMEBHETE S - L AR L. $7-. I
AV OEIBAL CX 5 L ANETHD &
N, HERLETUTFTOL T LTI o |

il
TEIRL, RuyF T o7 HIIBIT0ERA 4 — } S11 -36dB
hDOFRFE SRITIZILIR LA V E—F A~ o | |

v F U T OB IRBE R LT, ZORFEAT o e e
fcﬁ’)flo ifC\ %ﬁ’f@%i{fﬁﬂ% U] i&bfl é_’_ Z 6%&§+%§ 1 7T FrENckLAf v E—F L A~y F T
ERIEREDOE NS 50 Qb ThDZ &N
HH2NT 0 | A HERE S R o iR A BER L, AfE L, RIHRSRIC LV RAT L
¥—% Q LD EOREHGRICEAIN TWVDIONRES 2 Z LR Y, FEHEKICD
WTIREZNLEHTE 2 Z ENFEMIC o7 (K1), KIZ, EEOREREICONT
FTRERD S DD 2 CIRERIELREICEE L, IBEIC XD BE RO LT 5 2 L3k,
IEfE7IREERE N FIRE & T2 o 72,
ZHUC X VIRE ER S OFEERK
EHRHTEDL LT oT,

Fio. @BEWREFEERDER
Ly MoEmiti ~A 7 m i
S oEERFERNETITF I X
YA THZENRLITLIED
D HEDOKRE REEIT IR o7,
2. TT A DRET DKM EH
R b A HEFT TR Y R
WG E— Ry ET gl A 7
HBEHRAT D L RENICT T X
vREAL, BENSEA L b ‘
T T A ERESHELEIHL 0001 F————————————s
WHER RS 5 D & Rk 200 300 400 500 600 700 8OO 900 1000

( 2 )o Wavelength (nm)

2 GEE i 77 X< (AIP-advances Featured Article, 2023)

Intensity (a. u.)




BRAEE CIXBRIE DK OHEGE R AT T, BRI OBEKIIRE L 2250 OFEKRF
DESEBESEOMMEIZL VAL b O, @3000S/m Ll EOEEREFHSEAEME THOY 2 —/b
B (B EHEGNRMM) b, b, OL@%XH] LEREZHEMLT 5720, MK TiEZR
SNV IRERTHDL V) a4 vV REAY, BEFREBHICE VB FRIGEECTZ L
REEB AT D EEITV., TOFHERL EIMBEHEIC OV TR, TORE, B 1RR
FranzdehI~ A 7 v BE I35 s e, 72, EEME AR S 2R CIER
CBNEDITR UEVRE R85
b (K3), ZhiEEp oY = 550
— AR EHETE SN D, T, BIRS P ———
BRI B BRI~ A 2 o R 200
755??07‘19::5\ ﬁ%ﬁ:Qﬁ§j(%< 450
20 BT EoBEEBNSL DL _
OO, BN RKEEBETDH, 20 £ 400
tElL\ SNSISH A 4 A - ", © )
;ﬁivgggfig; k%g@%ﬁj\ 2 350 ~-TINER/Si —-Si
XL RADFTZDT T X NFKT 300
HDHZENGINoT, HEERTON
FHEENIC L VINEVE L A A =X A 250
T BRERESER O 200 , ,
BN~ A 7 alEOBRICEEL 52 0 50 EERSGY) 100 150
TW5, HEIZFHFERFEERZT T
TR BEERLEETHAL I ENH 3 60W D~ A 7 v AE S OINERPLOE

LTI o T,




6 4 0 2

FUJIl Satoshi FUKUSHIMA Jun TAKIZAWA Hirotsugu E106.C

Mg lon Plasma Generated by a High Magnetic Field in a Microwave Resonator 2023

IEICE Transactions on Electronics 707 712
DOI

10.1587/transele.2023MMPO001

Yamamoto Moyuki Kurokawa Hodaka Fujii Satoshi Makino Toshiharu Kato Hiromitsu Kosaka Hideo 134

Low-temperature characteristics of an AIN/Diamond surface acoustic wave resonator 2023

Journal of Applied Physics 215104-1 7
DOI

10.1063/5.0165383

Fujii Satoshi Fukushima Jun 13

Metal ion plasma generation under strong magnetic field in microwave resonator 2023

AIP Advances

015320 015320

DOl
10.1063/5.0134071

43

2023

12 18

DOl




Fujii Satoshi Yamamoto Masahiro Haneishi Naoto Tsubaki Shuntaro Fukushima Jun Takizawa 11
Hirotsugu Wada Yuji
Reduction of metal oxides using thermogravimetry under microwave irradiation 2021

AIP Advances

065207 065207

DOl

10.1063/5.0050907

92

2022

39, 45

DOl

12 1 7

Satoshi Fujii, Jun Fukushima, Yuya Okawa, Tomoaki Miyazawa

Al-Sc Alloy Production using Metal lon Plasma

19th International Conference on Microwave and High-Frequency Applications

2023

Al-Sc

17

2023




MWE2023

2023

TML10 Mg

2022

2022

S. Fujii, J. Fukushima, H. Takizawa

Smelting Metal by Microwave Irradiation

2022 Asia-Pacific Microwave Conference

2022




S. Fujii, J. Fukushima

Study on smelting metal by microwave irradiation

Material Oceania

2022

S. Fujii, Y. 0do, H. Nishizato

Development of Minimal RF-magnetron Sputtering Machine

The 11th IIAE International Conference on Industrial Application Engineering 2023

2023

an

15

2021

Satoshi Fujii

Novel Process of Smelting Metal by Microwave Irradiation

International Conference on Materials Science and Engineering 2021

2021




Satoshi Fujii, Shuntaro Tsubaki, Jun Fukushima, Hirotsugu Takizawa, Yuji Wada

Study on novel metal smelting process by microwave irradiation

PACIFICHEM2021

2021

Satoshi Fujii, Haruki, Tonoe , Yasunori Shiba

Diamond SAW resonators

The 14th International Conference on New Diamond and Nano Carbons 2020/2021

2021
0
2
2023-178679 2023
2022-14599 2022
0




