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Development of non-noble metal catalyst using thermal excitation of radical
generation by microwave irradiation and its application
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Hydroxyapatite (HAp, Ca10(PO4)6(OHg2) as one of the most popular functional
ceramic materials, has been widely utilized as artificial bone and tooth, filler of high-performance
liquid chromatograph and protein remover due to its excellent biocompatibility, ion-exchange and
adsorbing ability. We have reported efficient oxidative decomposition of VOC on HAp powder due to
its thermal-induced active radicals on surface. Herein, porous HAp with controlled pore structure is
fabricated via gel-casting process. The fabricated HAp is applied as VOC decomposition filter and
the effect of pore structure on decomposition activity is investigated. Such cost-effective HAp
filter developed in this work can be expected as a promising alternative catalyst for VOC
decomposition, to compare with the conventional precious metal (Pt, Pb) nanoparticle catalyst which
requires both critical dispersity and carrier.



¢ X C—19, F-19—1, Z—19, CK—19 (G|
1. AFZEBIAE Y D =

TR IR E (SPM)ROA LA S & o TR D RRIEL DR ILIE ., HEFEIIZ A 2RI,
Th ) BRI D 0EN B D, SPM KU L AT U Z  NOJRKIZITER 2 72 b DO 5 5
2, HEEAERIEEHVOC)LED—2Th Y | xR R s s, AR
(BT D HEHF AT DK 93% & 53D 5 H/NEBLiEE Tl VOC ALEEEE & i A X 2 3l 21X
STEY, BREE G L2 EEEARZBRM SN TS, FFRTAL, TV 7 LD
% VT VOC % 200~350°C DIRIE F CRAL 0 FLEE T 5 O TH Y | filliiic X v KR To
PREENARE CTH DI, HBE&EBEMEEE L THWTWA =D, Ao A MI#ERH D, TD7=
D N R~ DT A TE B, VOC HEH BT 0% K& D 72 91213 VOC o fifd
BEOEKI A MERF—RA Vv F RO L 725,

IHETEHAIX, U UBRIECS Y & I O S TEREEE AR & LCTRIRT 5729,
FROTHHE KX 7 %4~ (HAp) OEMEZIED L. FERIEEHLE W D5 fifihii &
L COENMERL, YR OBEMEr e LTORERMEEZMEE L, U IS o RigiiKic
BTHZ L EAME LAFERIR 21T > C& 72, ZHFE T2, HAp BERIZ OV CTHERMEAGHE AT A
DO RVERE 2 Wit L7z & 2 AL (b HAp PR CIlTHEROIRIE (500°C) Tz
RSV RN OB L & R EICEEN CVWA Z EZBHLMNI LTz, EBICHF LY AT 4 7
FEICEDZHE 7 4 V2 —ORIERFHC LD . BAF, 0ofkx REKIUEEE2 AT HLILE 7 «
B —DOVERN R LT 5, HAp BERIC 31T 2 AR BB & L ¢, INEVE ESR e
LT RIaICHEENTE T GHEET) OERPHEE SN, BT 4 V7 —1Eflo
BROBERRIZ L 0 . I ST RIGOBERCLLREFE O N R O, DT AGREEME T
T5HENVMENE Uz, £z VOC APREEE (T AGA T T A fiRfilit & L CTHWE 9 & L
A, B B00CHEREDME T COEM L5720, DT =7 ax B LOBINI )
HEBEAMMNEEE 2D Z Ehbho iz,

FZTCARMIETIE A D ) 7 I H NI XA FREEMESRS) & [~A4 7 ol k56
JEEERN IR ) L ARG L, AL, T b B RER TREEZR D Z & 7o <+ e iRIBARBRE % {1 5-
SHLFHET I v AFEEIRICE D ZHAE 7 s V7 — (b L, EHICvA 7 Rz ¥
— R NICB T AR RFATINENC X 2 8GER T U VEREFIAT 28 a7 MokED
W LT A X AR 2 BRI 5 &0 ) BHRRIZE -T2,

2. WHEDOHK

ARBAFEWITE TIIIER D VOC U A3 fR2LE O RIEA (B R, m= 2 b 5fEn 2
MEORE, SWEZEN, REAMME) RS 570, A0 77 I 0 VEIZ X% HAp Bk
DI KAE 3528 . THAp By (RRRIED < A 7 WU RAE 528 TA D ) o S VAL
LA R AE T AR~ DB SOMFFREIC OV TR L, A B ) 7 I WV~ A 7 1
PRGN & 2 IRBYRPTROS SN K D BGHEE T 2 W A2 R 7B L 7 A 2L fik
BEEBART D2 L2 ARV E LIER, MataiT-o72,

3. WFEED kA

B X U 2 ZIREE O E K OVE RIS LB AR TEVEEE ORI O EIZB W T, FRICEEHR IS
Z EMEED 7= OIEVEIRREZ R BL L 22 VOC 3D 1= DT P NV ERE R bR N2 &R
HECTHD, AH /7 I NV X0 FEREEOZ b, FRC c H/a E OB AR AE I 203 H
HEREMENR S DT, FRCHEBENVELE X -, £ 2T, ZOEIME X BREIPTIC X 557 fiF
Hric kv, VOC HAGRIZEFH T2 T U NWVAERICEE R 5 2 2% HAp OINBAIZE T 2 i i
EOBIZOWCHEEZIT o7z, FRIBERICKIT D T U NVEREH ZHET 572D ESR
BEEIToT2, 7B, ARFHIEBIT S Hap By AT ELE 750 8722 5 iian i Hap ByiA 2 fidE 2 H
VW72, BSR MIEITIXEF A v g3 (Electron Spin Resonance:ESR, JES-FA200, JEOL) %
VBT IZRBIT D 7 VI NVEOREEIT> T2, ME= = k (ES-Z06011T) ZfEH L. =&
5 400 CE CTHIEZITV . FIRE I T DRFRF A 2043 & L RREHKIC THIE AT 72,
BEHERMEIRLICE LD, F-E— I E I M ~— D —DE— 7 3EZFH LREL & L
CREAM L 7=,

FHEIRFRIZ BT D E 25720, R X #RETEE (Ultima IV, BRASHEY 77 #4)
K O% HBUREHEIREEE 2 AW CTEIRD S 500°C £ THIEEE 5°C/min, REFFER] 20 5 K&
PR T CHIEZ T 70, ETHELNTMAR X #REHT % — 2% LT, RIETAN-FP & W\ Cob
R UEHTZAT 5 Z & T, a i, c SO EFSENT 21T o T2, /LS — VIR I3 i £ 7 v
EHOWROBRREFARZ =2 DT 4T 4 U TETHY, BFEEST a7 7 A VDT
A =B REELT 5 HETH 5.

A T3 7 L ANV OIEWZ LD | Hap AD c il XN a HOFIGICED K 5 7
DB DHMDICONTHFEIToT-, D a=TR—ILO¥ A XL, LEEHOEWNMI LD 4K
YOS ERTELAD )7 I INVBR AT,

FRYATH R C O EFEFARICOW T, R E AW T ISR ER 21T > 70 JEHEMAL LT, B R
DT RE A N (CRAESFPEE,  lot. 15120901) % AV 7=, fSERIC L A IAMRFEER CIL, BiE
BR LD SROTZEFRIREE DS 3 FEEHOIREE (pH4, pH4. 5. pHb) DRHEEKEEIK 26 glZxfL, & R
X TN A FE0.05g HIRYE, 4AFMSIETICCY =2/ F U I NAEZHWCTRA L, £



S

4. WF7ERE

X 1-1 [ZHIE ESRIC LD HAp A A DT 2 h
IVAERRFEENZ O WY, E2, BBHEE N
400°CIZ 2 L 7= 1% O BEIEAE RS R O, -0
ERER, R EECBTFA M ~——LDY
— 7 ELE R, FENOFIEIEDHH T,
300°CIZ 3BT gfli=2. 003 DA FNFEE R 71
KT ARKEFAE L OE— 7 2R LT, #
Dt 400°C~MET 5 Z & THIZE— 7 L
DEEIT 28, TNLEORIE, FHIERTRIC
BWTIH—EDOVE—7 RELZFFOERZ R LT,
R LU A EFRROT P H L E— T B LL%E
DIRELBRICB N T —EDRE L RT 2 &
Mo, RBE LIRS EFIIREEIREETH D,

%, 1EOHER OO T, R OERZFHIT 5 Z & T,

L TE R R L7,

400°C —= 100C

» am
| P N

i e L

o 2001

~_a00Y
e 3009
e 2007}
s WU T _;,Dm;

= = G o =
[Pp—

e o

)
Temperature ¢

Bl1-1 FURESRICEZHApMMEA DT

VAR E)

B ORRIR, BARERICBNTT UL ER ﬂ%

G ICEN R EZNBEL TRV ERNEZS
N5, 370bb, KigbT ¥ A FFREIHIC
R LT AR E L REAREESR & X nT 253,
%%Wﬂfé&thﬁ T & /A
7w AHEKLRWTZOIT, T /jJ/I/I: 71T
—TEDOHREEZRLTNDLEEZBND, K 1-2
\ZHHE ESR (2 X D HAp #31K B D T ¥ 1 VAR
BUZOWTRT, fRED, 20T ANV ER
EENIA A EED ARV, F O &I
TAXID LN ERShoT=,

X 2-1 BEON2-2 [ZHK A lZBIT 5D
B X BREPTRER (FHR. BRIR) 227, 500°C
T@%ﬁﬁ& B THEMFE DI < KEE
{785 4 FEFY— 7 DR TE 7=, BEN
mL 7R DI HONS E— I ALENMEAEMIC > 7
L TEY, 300 ERiEZETEDY T MENSEMNL
“Cb‘%) CE %Eﬁmu L/fﬁo iflﬁ%(ﬂ%&:i D %to
— I MEAEM~T7 FLTEBY, OV 7 1
B O(BE) B T hot, 3-1 BXO
-2 [ZBMAK B ISR D ZF DS EiR X BREIHTHR R
(FiE. BHE) Zord, 500CE TORIEMERIC
BWTHA BIZBWTHEAR A L RER, #EabHH
DAL 72 < KEBIL T X% A4 NI E— 7 23
T, BERELIRDIIONEE—JE
PMEAEMICY 7 208, K A IR T
X 972 300 FERE TEDL T FENEIINT 5%
IR LN oTn, FHFRICEIVEE—2
NEAERA~ 7 FLTEY, Z0T 7 M (F
M) B IR o T2, TR R AT
BRETT 572010, WEFIRMERIZES a filidls &
We WO EROEEK 4-1 (a i), 4-2 (c
i) Zosd,  BAR A TIIEE K OB
BT EBOBBITIFE—E EIRENLE D k&
FEELIEIN & AEIE A BB L2 RE D A& 1 E B A3
FIE—E) ThHol=m, BA B TIEZT 02 bE
T LABLENE KL TWDE Z ERNDholz,
INHDOEENT O VA EEE EABEEIN S B
k%i%ﬂéo*ﬁ\c%@ﬁkiﬁ%WA\B
WCRERBIIR OGN Do b, V0
JVAERR OV TUE VOC 3 #3813 a B AL A (7
1£) BIGNREREEBE XD LR LT,

= =
Ve e m

A00°C—100°C

: Magrese Seit fm

M1-2 HIRESRICEDHApEABDT Y

I VA R )

i

M2—1 :EkRAIC fé%@% X
%@ﬁﬁ%(ﬂm)

Intensiy £ a0,

X2—2 BEAICEITSZEDOEIE X

[t A (B



Hitks T ke (2441 oy

Intensity a.u.

=

k] =2
28 / degree

htensity/ a.u.

2 m

BI3—1 KR BIZHIT HZ D% X M 3—2 KA BIZIITDE DGR X

s R (FHE) EIE7 e S (i
BTN SIS : 0.942nm)
BE ]

usar < amr = o, AR M”“

- R I = :

s . / . — / Llatd -
Fone J‘mbm‘ Eoeu L £ Iy ¥ £ .,..’."‘
.%um o " . %mml _./.' -Em - o ;;“ -l

p e e /'/ . FAREMEAL Y e . L. ..--;_,"ﬁ'.lﬁm&sm
e ek T T
e o e -
v .
ST T e me o s0 am s oy e w0 we e S0 as? - rE—— o P s @ @ xe s
Tennpenslue 16 Tesnpreraslure 1 Tempershure /€ Terigralue | T
4-1  IREFIRFEIRICHE S a Bhoks T 4-2 D IREFIRBREICME D ¢ Mok
EROEAL EBDEA

KA T o X A VLB O IS D 2RI OV T XHREHTIC X0 Rl L 72/ R A X 5-112,
ciiE a EITERT 2 — 7 MELAK 5-2 [TRT, fRED AT 7 I VBRSO E
IZ& Y cifi/a EDHBNET S Z ERShoT-, T HITHEEKDIRERHE S = R X —5%
(CRGWERHY . AT ) 7 IDNABERMAEDENZ LY | ZRPECTZEEZAOND, Hap B
R~DNRIIR A T 7 o I DN OBLE N HEZ D L. ARIOFREY | #ERTHLY
LRI E~O =R~ GEREH THD 2 L 2 R LIz, &bty I rE—RvA /R
WHRAHIGE 2 I\, A ) o7 IV ZAT o TR O~ A 7 v il RIBURFE OREA 21T,
IRIEVE(LIC R 5 RESHEEZE L & MW BRSSO 5 RE BB BORIBIR 2 b5 (M6) %
R L, IEMEFHMEFEE LTARATOHD Z LR R LT,

3000 — 2
—MC@
2500 l — M2
—M@
2 -, ‘
3 10 | |
) 1000
0
Hipraw Mo MC2) M3 M@
§ 10 20 30 ] ) 0 70 s0 F—OETOhE
26 /degree
B 5-1 = & AT X J VALER S D ¥ 6-2 :cifi& amICERT DL — 7 M
SEY N (4 e
aw s e R | Mz
Mo i)

M6 : AB I IIVEEOENIT KD MW PRI~ B



X 7@ I IRIRAER., X702 4RIBEROGFEEZRT, fERED, &AL 7 I L
MK TH-TH, MIEITEERMT <, FEE L EDTWNWB I EBDND, TnE
NOBRBEAFEE R 3 IRT, ARE Y FLpH ThoTH AL ) & I MR OE I
L0 ZFOREEITIEL, MRV TR BIETEDOEA TV 4 OBIEACIL Y IR E
THRLEWVEZRTZ LNy hoTe, T72bb, fmtEE, ~ 1 7 oIt = Ll
I T ENEIC BV H 5 = & iR LT,

Z ORI CO B EH OREIN T U N ERERB T 5008, b EEAAMREE L
%o K 8IZHE Hap & A /47 2 B VALESAF@ DALY A, MW FRET 2 (A5 K OV BE Rk [ 1L
KD ESR MIERE R ZTT, fMRLELD, FEEHAp BLOZNHIZ MW BB L2kt Cldzn 7
T NVAEREITR 1-1 TRIRER L ERIIRhoT, —FH AN 27 I NAVLBR L T=3BHE, 20
F O HIVEREORN, F I ARBRIEEOKIE/LNHEA TEY . VOC fillt - L CoMREN K
MEIZA E LT SRl SN D, BB EHZ B W T H R HAp & T, RIRRICT Vb
RO, F - ARBRAIERE DIKIR LA A TEBY . T OMBEREITHER SN D Z B350 -
77

INBDORERNG ., AT 2 HOVABRTE OBERERLEAL 7 1 A K D R A OHERR I L
5 b EERE DHERR D 272 B3, Hap BIRD T 2 B VAR E O M FIZFE S filliaE o Kig 72 MERem k-
WCREL FHETAREMNZ BT Z e T 72,

v 2000

3

=

.Lm

1

gl.m

n

Q500
X 7 (a) RIRAER. X 7(b) I 4 FFRTES
“OEHE
X 8

5. ERBRImIE

UdEssamsa) (Gt 91h)

[1] K. Kato, Y. Xin, T. Shirai, ”Structural-Controlled Synthesis of Highly Efficient
Visible Light Ti02 Photocatalyst via One-Step Single-Mode Microwave Assisted Reaction”,
Scientific Report, 9, 4900(2019), 10.1038/s41598-019-41465-x., [Z#HiH ]

[2]Y. Xin, H. Ikeuchi, J. Hong, H. Nishikawa, T. Shirai, “Oxidative decomposition of
volatile organic compounds on hydroxyapatite with oriented crystal structures”, J. Ceram.
Soc. Japan, 127, 4, 263-266, (2019), [#Hif]

[3]K. Kato, S. Vaucher, P. Hoffmann, Y. Xin, T. Shirai, ”“A novel single-mode microwave
assisted synthesis of metal oxide as visible-light photocatalyst”, Mat. Lett, 235, 1,
125-128, (2019), https://doi.org/10.1016/j. matlet. 2018.09. 132, [&EHA]

(=gER) (G 381F)

[1AFFER, FE)IEY, BREE. A, [TREKBIEOEEDEWVCL D~ A 7 v IR
PE~DRE] , AAY T I v 7 ARRAESTRFIRIIFE s # 2, 2016. 12,10, 250

[2] Takashi Shirai, “Fabrication of Functional Porous Ceramics by Gel-Casting for
Mitigating Environmental Issues” , CAS-ISL2016, 2016.8.29, (2016)H'[E (invited)

[3] Takashi Shirai, “Fabrication of Functional Porous Ceramics by Gel-Casting and Its
Applications” , Conference on Metallurgical Engineering and Advanced Materials
Technology, 2016.10.8-14, X s} A (Invited)

(ME) Gt 14

HIFEZFAM, [~A 7 oA oEMELEEICH FH2H ICHR 515 M et X~k
M 20 =A7aENC KA IRERREAMIE T I v 7 A7 e XD

HIt %, R&D AR, (2017) 85-100

6. BF7EAHK

(D) W9 sy

WM HERA i ER
n—<5 K4 : Masayoshi, Fuji



e e s 4 - 4R T ¥R
R4 - LSRR

W4 - Has

Wt w (8 41) : 50238523

(2) WFget 117
et hE R4 - Il IR

o —< K4 : Harumitsu, Nishikawa



