REAFEEBUKNSFY

Tohoku University Repository

Joogdbootgtdbbodgtdbbotgdootgd
ooy

00 o oo,o0 o,O0 oo,oo oo, o,
o0 OO0

Oo0oo Oo0000DOO0oooooooooooooo

O 60

[ 1/2

O0oo 7-11

000 2005-03-01

URL http://hdl.handle.net/10097/30816




AA ) IINEZX B ~DIEEB TR
Al VX - 2]

B &R, £ &', & KX, T XB, R B EE R

Mechanochemical Doping of Non-metallic Elements on Oxides and their Characterization

By Jinfeng LU, Jun WANG, Qiwu ZHANG, Fumio SAITO, Shu YIN,
and Tsugio SATO

Doping of non-metallic element such as N and S into oxide has been conducted by means of a
mechanochemical method. This method is composed of two steps: the first is co-grinding the mixture of oxides
and the element in air, and the second is calcining the ground sample at about 400°C. The ground sample as well
as the calcined sample was characterized by a set of analytical methods, such as X-ray diffraction (XRD),
Infrared spectroscopy (IR), Raman spectroscopy, X-ray photoelectron spectroscopy (XPS). The chemical
bonding induced by the grinding allows the doping of non-metallic element into oxide structure, while this
doping is not achieved by a mechanical mixing operation of both compounds. The prepared sample exhibits
agglomerated states having primary grains in nanoscale. N doped ZnO nanocrystallites show high photocatalytic
ability in antibacterial test. The calcined sample TiO,.,S, under irradiation of visible light with wave-length over
510 nm has shown good performance for NO gas destruction, suggesting its high photocatalytic reactivity.
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1. FLHIC

BEERHOT RN X —FRINT B LI TEFEHETS TREMER] 2FAL. ok
B EHFERDEORERL) )V — Vv T RXNANX—RTHIKEORAIBICHAT A Z EAERSA TS Y,
KHDZINXF—ZRHAL LRSS EZFIERE I T EOTE R MT bt LrEigh, 2o
B2 & LT, Ti0, Zn0 DX 5 REBBRILHNETOND Y. RMEOKEIX, MEIZFD LR
Xy v U EDTRINF—2FONRERBHN TSIk, BROBA24ECESY, £ LE-EBEFEIE
DEEERE TORL - BRSE3ERITIETHD. BT, Ti0, In0 R TIEINY F¥y v/
1% 3. 0~3. 2eV IRE DB K X 2l 2RO, ATRBRERICHEET DHRIMNRIC L - THEA BRI -
BRIEAZELIZLENTES. INOLORGITIE, BESDKONTEIZL > TERT 2EEHBREREST
CANEREET L EVbITEY, ZOBML c BN LV EEOSMEKISHERTE D Z &M
MOENTWE Y, HAEOER L LTREERSNTVWD Z LI, KOKELBE~DSETH DA,
7Y = I RAF—E LTHFREIREN—FT, %, MEa XA M PO TRENEL ., REOE
LWEBRBRONBRNTWNS. —F, 2D ORAMBMEHZ DWW TIE, REBEREZFAL T, Bh
DiyfE, R - BRE, PiE - 2E, AEWEHORE, VTR -EOBVEhIE, 55 X OENER
EhY, e BEMME~OIGHICETIMELEL RV 2o0h 5.

ERBIEHHMBII N FE Yy v THRREL, LEBo TEIARICLBE LRV, KBEXD LY
EWERBETOY, $2b b LRATREICT I, XV RV % v 72 ET S/ 5200
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TRk 16 4E 12 A A IANVEZ L BB ~DIELEBTE F— 0 7 L BT

BENRBZOND. ZORFENMEELEFREICTIRATIT. THET, XU FEy v 7ONERE
WA OBRR, LT ¥ L AERR, BILFZ L ~DR—t U7, BLFZ VBEREXRM: Y%L
DWFENI2EIN TNV ZOPT, Ti0, ~DILEE - U FAEbER STV, T4bb,
Ti0, DIEMBICRE TR E F—T T2 LRV F R AN F -2 AR ST, N FEEEE
L2 Z LI & 0 THRAFERICRIREF-E, KB XAV X—0fARZMESEDZ IR 5.
DL EDARNIGER Ti0, M, BEOT ¥ —BR LY L EAKREZHE D, AIE L HEKO—5
FTCHERNTZ L1725, CrRRRu & Ti0, I F—7F 5 & BRI E A 400 —500nm O A[ ¥k
TRIZIEA Y | AMRESREHIZTE 2, EARBERORENBNE TS50 TERLEND Z L1374
Moz BRI T, Ti0, DBEFEY A F& N, S TEH TS LEAYETS Ti0, B LN. N, S
BT, D 0 LBEBRDDZLIZL VANV F¥ v v 7I/NEL Ao T, AIREBEIC X 0 eAbEitE %
AL, KIERLETLRNZ EBEBALTWAS., Tio,~DER F—t° 72T, 7VE=T2HW5,
BMBIERSH DN, TZTERT DN F—7Ti0, 13 5000CLLET N BB L. REE L L TAaEBIEE
HEAMET 58, £, TioRB~DS F—t' U 2713, B#ERRL L. BbF & v 2K CEE
DT EICLVERTES. (AL, ZOBBIL, FERE225 TiS, BEOEMN#H L <, BVLELAt%Y
BETRVWY, LEB-T, LVBEETHER TI0,~DNHAHNELS F—r VEORBNEEh T
AV

AHFFIIA S 7 7 I H MC) HEIZED Tiop~DNHDHWMES F—E U V7 OFEZRELZLDOT
BV, TIRIINEZITF LR SREMDIFER AR E L F—E L I/ TERBHFETHS. £, Ti0,
PSMZ In0 ~DN HDHWES F—E U7 HRETHY . ZOREOARKEEEEZR . 22T
Ti0, ~D S K=t 7 & In0 ~DON F—¥t' o 72 HLICHET 3.

2. EBFH*%

AERTER LT =7 (Ti0,(Anatase) ), BR{LH#EH ( Zn0) BANIFOEMB TEMRAETHY . X
oo R=ELU7HE LTS ERFEEZHAWZ, EBIL, S % Tio,REHRIZH L T0.5%, 1%, 5%.
10%AM L, E72RFE % Zn0 REHRIZH LT 1%, 2%, 5%. 10%5M L, /MR I L (Fritsch
B Pulverisette-7, [EIEZ¥AR 70mm, [FE5EEEE 700rpm, P 2 =T8I I LR — R (FE50ml) & R — (H
£2 15mm, 7 &) ) 12 X Y T ERENR A FE (MC JAE]) L7z, Fo%, WAFFE% 6.67°C/min O FIRHE
&L, Tio, XAWEHEIE Ar FER T T, Zn0 OFAIEERF T, TNENEEIEE 400°C E THE
L., ZORET6min fRIF L. ZO%BRGHL T, MERB 2HR L=,

8 LR O R A VL X BRIEIHT (XRD) & X AR IEE 1 (XPS) 2047, 7 — U =M ARSN o3 Je L BE 3 (FTIR) |
T < o EER (Raman) (& & - TIT o 72, 72, HRIVREE IR TR0 R E R (UV-VIS) THIE L,
T ORI R AR ONERE T T, NO & R &2 #EHI2 i@ &8, NO i HNO, R H,NO, & 72 A%
{ERIGDRER A A T7u~ 75 7 TSR L., FHE L,

3. BRBIUER
3.1. Ti0, ~®DS F—Ev¥

TiO, {Zx L. S #MMEFEE 0.5%, 1%, 5%, 10%& 4 BrfEICEAL S E72IBRAY 2g % 20min 25 240min
£ THF: (MC) ALERREE %2 2 b X W72 400°C THBVAEERE L 72 REHZ DWW CEMIE L 72, 2 Z TR
LTWARWR, EYO XRD IZ X AFHE T, MC LERFRIDIER & 412, Ti0,(Anatase) 28 Rutile ~¢&
BB L, 4FFMTRERIC Rutile IRV SEEFETTH, BMABORIRTRONIHESSEZ S Z
LSRR TE T2,

Fig. 1 {ZiZ, 10% S #M Ti0 T DWW THHRL L7238 XPS 227 b &Y, KLY, S OFEAI
DNTIE, 2200 — 27 TERIHL, £72, 20min & 120min NEFHEREHLIZ S 25 Ti0, RB R HEICRE
L7zZ SRR T S 169eV OFE=RNF—E— 7 B8R END, —F. 20min LBFHERE CIT.
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164eV T, FiZS BEOEEIZHKT AL =7 BENHITX L. 120min AEFHERE TIX 162eV TE
IZS & Ti EORBICERTIE—7BBIEBINDS, 2Ly, REMOMC ABIZ X %L -8
T, SAHTIOIZ F—E V7 E&N5 Z AR EN 5,
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Fig.1 XPS spectra of S2p of the samples ground

Fig.2 UV-Visible spectra of the prepared samples: (a)
for 20 and 120 min.

120 min ground TiO,,  (b) co-grinding with

100 >310nm i >400nm i >290nm sulfur for 20 min, (c) co-grinding with sulfur
%OQHPO@H%@ ] for 120 min.
b
gop- _, YWY 0 X .

< PR . Fig.2 (0%, RBMEORRH AR kL
E g £ Ti0, B MC RIS 2~
Eor TR R M AIZHAS, 10%S HEANTHREE L 7= 30BH T
g | ] WE 400nmA 5 700 n mE TH I
2 sof | | : REER SN, MEEEAEE CRROES
-.é: I 1 WHRKELSRBZERDLMLD, ZhixS F—
= 20 | J B kY Tio, 0NNy R¥ Yy o k< 72
: D, LVEEROXEFRINTE TSI L%

; ; BEWT 5,
0o 10 20 30 Fig. 3 121, Fig. 2 {5/ Lz 3 @ FREHT

Time/min

X% N0 H R fERBERE R BELY, 510
Fig.3 The relationship between light wavelength and the mwfﬁ?ﬁwﬂﬁ%’?% Tﬂi Tfozéﬁl MF
photocatalytic ability for the oxidation of NO of the SRR () ITHE S ];_h ¥ 7 Ti0,
I y 77 “:ﬁ\]
prepared samples: (a) 120 min ground TiO,, (b) (c) TIRBER NO HAZERARID DI
6C)

co-grinding with sulfur for 20 min, (c¢) co-grinding with
sulfur for 120 min.
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3.2 In0O~ADN F—FEVY

In0 \Zx L4 O (HINEIE=1% 2% 5% 10%) TRJEZFEML. MC 4F (10min, 30min, 60min,
120min) L 7-30BH & ¥R L 72, SLERTL, 400°C THIBVAER L7228, % Z CEEZEHSEID XRD /% — >
EHET DL, MC ABEBIFHEOER & & HIZ, XRD ¥ =2 D — 7 BEARA~T 7 LTS Z L2
Lot

Fig. 4 121X, 5%RFEHM Zn0 (Zn0-5 LMEFT) D MC AEFRE L =RE DT~ 227 M %IRRT,
Kaschner'® & LMV BZRIC L B &, 273em™, 580cm DB — 7 BEEII N R—t"2 27 L= Zn0 O N #EEIZ
BEMEDRH D L b b, KICRT L 912, FEHT 16 HRIEAQE L-ER ik, NEEE—27 234
BETERWZ DL ZOFHRBATIH. IO NIZ R—EL /xR0 b0t EL SRS, —F.
10 45 ] MC ALER CRAEE L7308 Cid, NICBEE % 273cm™, 580cm™ D v — 27 B, 60 4y RIALE Tl
INHE—7ORENEIZELSRY, F—EUIPRERINDZZLRbnb,
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Fig.4 Raman spectra of the calcined product after grinding Fig.5 UV-Visible spectra of the calcined product after

the mixture of ZnO and 5% urea for different times grinding the mixture of ZnO and 5% urea for different

Fig. 5 IZIX Zn0 2D b D, 5%RFBEHEMD Zn0 OFEHHE
BB 6 TN 5% RFERIM Zn0 D MC AABRFHEERBL D 7
NENDHBINART M ERT, ZOART b LB
&L In0 JEEHZ R, FENRGABBEI DO 227 b i dh
FOEEBR SNV, MC NBEFEE B TIT, A
RRRVIEEABRINDOESNL REL RBZZ ENbNS,
ZHENRF—EUZICED IO DAY RE ¥ v 7L 72
D, RVREROKEZRINTE 272 EEZ TS,

Fig. 6 ITi3 MC ALBRFR#ERAEL D SEM BEE A RT, N F—¢

488201 15.8kv x2S,
¥ 7 Ut In0 3R T DURERTH Y . £77, ZDEE  Fig.6 SEM photograph of the calcined product
EERERT 25— KB TIXT JRF Lo TWAZ END  after grinding the mixture of ZnO and 5%

noT, urea for 60 min
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ABFFTIL, Ti0, R Zn0 DEBEEMIZ S HOVITRFEZBML, HE IV EFRAWTHRGR: (£

B IAN MC) AE) L., Z0% 400°C TMBVLEE L= B2l L. #h e flx OFfhiEic k-
T L7z, ZORR. ROZ EBbhotz,

1.

Ti0, R In0 ~D N HDHWES F—E U IRERTE L, NS ORMEEZEMESE, £/, MCAL
HRMEZETAZLCEY, FoE U/ BEHMESER I LBTHETHS,

FRBENI AR R L, £, Tio, OBFA . AIHEERE T T NO iX NO," ~ & 453+ 5 %
MBI,

FREEHIMMRL T DBEERTH Y IR T 5 — AL 3T VBT L 2o TWB Z L idbhotz,
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