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TN LERaFX LT RF AR (Cay(PO)(OH),, LLF CaHAP) I&, A Ot <0 D K570 4 PR KLk D 3= ik
TTHY, BFHEEBEGRBALT L EBG AT R HIENFRE T, A Wt E At 532N TED, £
TANAREHIRE DL R IE (FHW) W& T2 IcERL, A LE. AN LEREOEMMEIZIITDEL
TR AL TR — A R BRI 8RR 2 220 BF ~ OIS DR FT S C0D, — et itiE, BR
BEdp AL Bt L LT IA R S, EIC b T2 Ml SR T0D, LNLERBRLEILT X ix, VAV ARH
REDOHEMEWE TIHEADMLT L T TlERWnad, 2R L7 V2 —~OIG Tk, G RRE D
W ERNEZOFR L2, Bt F 2 R HICELE CaHAPE A —T 42 7 ¢ 572 E U CHUE M RECH ¥ W) 45 fR 2h =R
D LA BLLIVTE, WA HIZ O T2 F1EL WA & T E L0t S M Th DA 1) O Ot fil 15
MR E~DIEB NI ESN, £7-CaHAPZ 2 —T (L 75 R, 2 —T 427 BOH KIZHEW Gt b
B O M5 088 35, 207D | ZHOREREITONT IS SRS o m LICRANH o7, AR
L CIXCaHAPD A A ZZ HAPERBICHE B L, AWK T DB N 7o G R 218729 2 870K 2V H AR DY L fi
BIGVEEZ R TH2INETICRWHTHZRER e v 7 2 AN (HAP) 2B % L, TORMEZFEM T 5EEbi2, EA
ML TORIBEMEIZ DWW TR A LT, ARG I8 EN B0 | LU N ICH EOME AR,

F1EHE S T, HAPIZ W CaeA R R L FZOBLEOHEE L, Sl 7 & > Sl o WF 78 o R 5
FRIZTEME A ERBRE AL ~DOE D LA SO W THEE 2 | BAE O FIRRFRE 2 I 5 2 L TRBFZED
HEY L& et &R ~7=,

Fom I KA B A4 CEBBLIZHAPO A K EX YT/ XY —ar | Cld, 2MEO 71k GRRiELRIEE) &
FHWTER 2 o AF O TEILICHAPEZ A L, Z ORI 21T o7, FFED 5 NP FIESW A END, HAPDOY
iR A Sk D 3 T K R £ (P-OH) ~D K DWE IZIZ2 oD BIRDIRENH DL, —AMhER 4 & (Co®', Ni%,

Cut ) AF L TAF BT DL P-OHDOEL DN E S D KISV 528 R 135 1 & PN 0 1 i iR B

L B ITEEAT AR T2, —MEB SR (AP, La™, Fe™, Cr') X, ZERB &8 T~ KL Fhk
ERBEFEICRDIEERHLN T,

FRF[F X R =T ERaX T T _EA NG RO K E N ABETEME ) T, KBWEZHWT, T2 144 (TiY) T

AF EHLUTZHAP (Ti-HAP) Z & B L, FriE bl 21T > 72, HAPH1 O Ca® ETit* 0 (& 2 b 3 (X,=Ti/(Ca+Ti))

I, BRRBEOTF 2 ARM BRIV T L 20%FEE FTiE, Ca? ETiVFIF R & (1:1) TEMRL, 30% %8 %

HE VBT EDRERT ENT 7 AR A& R AR LI Ti-HAPRL - 3MEAELTZIR BB L2528 Zhbd

BACILT I ZA NG O - TE DO EALER I L TWAZEEH B LT, TiY O E LR IR - OWNE LY

%%ﬁ@jﬁ“{mxof:o F7-. Ti-HAPIZ T £ F T LTFE RRT AT I VAWETSE L I, S0 RE
IRV IO ESMRT AR ERET A EEH LT LT,

FAREF LR =T RaX o T REA DY NV NAEIZ LD EREROER | Tl SV iR 2> Ti-HAP
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IR A L VR CUERL G2 7RI OV TR BT L 72, XPS, UV-VISAT LR E DMl s, 1ERLL 72
Ti-HAPW X Ti-HAPK; K LIZIE R UAL FHL ) & W & 7R F 2 e BT 7e o7z, 2D B Ti-HAPEE R X
WL EZ T L, AT LT =AY T ae VT IV a— L E R E S RT D500, B LT Zo D X572
BUKME S IREST, FE BT RO LT Z o I/ b2 EE oL,

FEEIFH R =T R aX T T/ RZ A ROk L& LR AR T, Ti-HAPS G il TS ME A R Bl 3 24 12
DN, FHEB PR FIEICIVRET Lz, 2085 R HAPOREE PITAA{ET 2 “fEHOCa* Ak
(Ca—1:columner Ca, Ca—2:screw axis Ca) DO BTV B EOANMEIZTIZCa- 1DV AN THA R EEMERFH WD
&L FOELITIFCak anid o2, TiVO3dfiE L, VB DI 3 O 2p8liE & A3 3L A 1 G M O R R RiiE &
FERE L., Ti-HAPOERAMR K I 27259 22O LT, FHEICEIVELNTZET LAk db i i, 74
BT OFERELS—F LTz, ZNHORERICESE TI-HAPO MR ET VAR RE L, EiELT,

EORCri A4 TR LI=TF X R =T R ax s 7RI A DA AL E ARG T TONABEE M ClE, B IEIE
ZHWTCr CTi-HAPD CaZ A4 28 Ha L, & D JE ARG M A2 FEAT L7, {Z{EHK O Cr¥' 2 FEA3107% mol/dm?* LA
FIZ B L AR LSRN Crd AR 7R TR b 7u L@ 2B A2 2oL, Cr¥'a A4 L
72Ti-HAPIX, AT FCT RN AT RO EL, LR FE L ESEHIEAP LN TS, AT
T OlRbE VLA M A 5 2 2R RO Cr #E E1Z107° mol/dm® TH Y, Zh L _E IS/ D & e it i M 71 28
KN THZERTLNToTz,

EIRF AR =T R 7 _E AN WS BERT OIS i B BR 20 2R | Tl Ti-HAPO W 35 MERE & 5T H )
FOJSHELT, B O8GRI T BR N RIS W TR L7z, Ti-HAPOBAR 1, 755 58 0O Kk & 955 B
BRICBAL CHEE R RO B, ZOMEHOHRE 126 T AW A RE PR RN, EAL L THHE NI
TER$2ZE2HBM LT,

FREIMEZ ITIX. FETOREL T LD, AR XONEERIE LTz, FAMIETHEONZMA
B FT LWt A B CHATI-HAPD A 1% O BF 32 D B8 % ik 7=
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Synthetic calcium hydroxyapatite Caio(PO4)s(OH),, referred to as hydroxyapatite (CaHAP),

doped with Ti(IV) ions by co-precipitation method. The photocatalytic activity of the modified
CaHAP samples was examined by decomposition of acetaldehyde and albumin. From UV-VIS
measurements, it was found that only the Ti(IV) modified CaHAP samples exhibited UV
absorption. Also, photocatalytic studies revealed that Ti-doped samples can readily decompose
acetaldehyde and albumin upon irradiation.

The effect of Ti-substitution in CaHAP on the band gap of CaHAP was evaluated experimentally
and theoretically using three samples, namely CaHAP, 10 mol% Ti substituted CaHAP (Ti-CaHAP)
prepared by co-precipitation and commercially available anatase TiO, photocatalytic powder. The
experimentally obtained optical band gap energies of Ti-CaHAP, CaHAP and TiO, powder
measured by diffuse reflectance spectroscopy were 3.65 eV, 6 eV and 3.27 eV, respectively.
Depending on the total energy evaluation and structure optimization by the first principle density
functional calculation, the Ti position in the apatite structure was predicted to be at columnar Ca(l)
sites, the sites with Ca(l) site deficiency. In Ti-CaHAP, Ti-3d orbitals hybridized with O-2p
orbitals to form an internal state in the CaHAP band gap, causing absorption edge lowering of
Ti-CaHAP. Moreover, acetaldehyde gas decomposition efficiency of Ti-CaHAP upon UV-VIS
irradiation appeared to enhance compared with UV irradiation alone.

Ti-CaHAP particles were treated with different concentrations of aqueous Cr(NOs3)3*9H,0
solutions. The Cr(l11)-doped Ti-CaHAP showed absorption peaks at 446 and 623 nm in the VIS

range in addition to the UV absorption of charge transfer transition of O — Ti*". The VIS
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absorption peaks enhanced on raising the Cr(l111) concentration. The photocatalytic decomposition
of acetaldehyde into CO, over Cr(l11)-doped Ti-CaHAP was detected under VIS irradiation.

In order to develop a control system for soft rot disease of Moth orchid caused by Pectbacterium
Carotovorum subsp. Carotovorum, the effectness of Ti-CaHAP was evaluated by in vitro test and
field test in a glass greenhouse. This study revealed that Ti-CaHAP has an antagonistic effect
similar to pesticides due to photocaatlytic activity of the material. Therefore, this material is

expected to be useful as a new bio-control agent.




