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Abstract

Preparation of MBi,0O4(M=Mg,Ca,Sr,Ba) and their

photocatalytic activities under visible light irradiation

Liu Liangjun
Directed by Li Xinjun, Wang Liangyan

Abstract

There should be a prosperous future for photocatalysis applied in solar energy
reserving and environment treatment.The emphasis is currently on the area of
environmental photocatalysis,including self-cleaning,photoinduced hydrophilicity,and
the photochemistry types.Among the solar energy: energy of ultraviolet light weighs 4
percent while that of visible light weighs 43 percent.The 3.2ev band gap energy of
anatase TiO, we use usually circumscribes the utilizing of solar energy.People had
done much work including metal icons doping,dye-sensitized,nonmetal elements
doping and semiconductor compounding to realize the red shift of the absorbance
band.The paper about photocatalyst In; «\NixTaO4 responding under visible light,issued
on Nature in 2000 by Zou Zhigang,drew our attention on the preparing of H, by solar
energy splitting the water.So trying to synthesize novel photocatalysts under visible
light would have a prosperous prospect of application in environmental
treatment.Here,in this paper, a new series of visible light-driven photocatalysts
MBi,04 was synthesized by a simple soft chemical method known as sol-gel
method,nitrate and citric acid being taken as raw materials and EDTA as complexing
agent.The properties of MBi,04 were characterized by X-ray Diffractometer,UV-Vis

Spectrophotometer,Electrochemical ~Workstation,BET Surface Area Analyzer,
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Abstract

Simultaneous DTA-TGA Thermal Analyzer and so on.The photocatalytic activity of
MBi,04 was measured by the degradation of Methylene blue(MB) under visible light
irradiation.Besides these characterizations,the effects of M radius and preparing
temperature on the photocatalytic activity was discussed generally,and the same time
we compared and analyzed the different results of metal icons(Co”",Ni*") doping
between TiO, and SrBi,O4.The results showed:

(1)The pH value was influenced significantly by the amount of ammonia and the
best ratio of EDTA and ammonia was determined to be 1:3.5 by abundant preparation
experiments. It was found that SrBi,O4 showed good absorption of visible light.The
absorption band edge shifted to red and the photocatalytic activity was enhanced
against the temperature increment.SrBi,O4 prepared at 800°C showed -crystal
perfection and performed well in photocatalysis which may be attributed to the fine
separation of photoinduced current carrier.

(2)MgBi1,04,CaBi,04,SrBi,04,BaBi,04 all showed good activity in degradation
of MB and the photocatalytic activity decreased with the accretion of M radius,which
may probably be attributed to the effect of the M radius accretion on the crystal and
inner electronic structure of MBi1,Oj.

(3)TiO, thin films non-uniformly doping with Co®" performed better than pure
TiO, thin film,while uniformly ones performed little worse.When the doping
concentration was at 0.1%,the photocatalytic activity of both doped films performed
best and the photo-induced current was the strongest.

SrBi,O, doped with Co®" at different concentrations performed almost the same
as pure SrBi,O4,which was also shown in reflectance spectrum and photo-induced
current.But there was sharp variation in the ones doped with Ni**.SrBi,O4 doped with

Ni*" 1% performed much better than that 0.5% which oppositely performed worse

v
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than pure SrBi,O4.

Key word:  Photocatalysis, Visible light, MBi,04, Dope, Photocatalytic activity
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1. 45

1.1 SeELET

1.1.1 XELEX

EOE T AL S — Bl e LR oI AL SONAR 2R, TR B B 1
AT, RN AR, B SR R SRR, BT B R
filo AP ITRIR N HEALT s TXAE (AT IR R R AR s XM A e 2 A B
PR I I FEE [ 2 I R A FREA o PREARATE P PR AS it 25 _E gl fRE A TRUAS B BRI T 4
N A B R, RVBRATH BTt it Re, fedt s R TP, Al
SO il R IS ST R S N A REIEAT IR S AR AN AT N IEAT o MR AR T2
AT AR SN )5 EAECLEAT I B N AT LS o

FIIE T AL E 3G JefEt i AR . S MOBREAGTI DR .

JCHELLF : (Photocatalyst) £E G S I F AR 52 RO IR IR RE LR 7 2L AL
(AR, Al Pl B B K 53 1R P B P 1 -OH B2 -0% [ HH B 7 B (firee
radicals), AR IR AL TP T2 BT 6 N AR B SEEAT 35 AT LA o
H TEH I, RIS HEAR DG ™ A2 1K A 7t BAT € R TR - DG
R NPT ELH N 1-10 [ 1-2 faf Sk i i -
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Fig. 1-1 Sketch a of photocatalysis Fig. 1-2 Sketch b of photocatalysis
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1.1.2 NfEd/RTE

W AE AL FI A TIO s ZnO, NbyOs, WO;, SnO,, ZrO,, SrTiO;%
A 1 CdS, ZnSFEmALY) . Horb — 40 EK(Titanium Dioxide, TiOz)hH AA
IRBRIEARE T, 2 A5 e B SMOTCRERFIE 1T 5 A A F ORABCA A ) 3X
AL R 78 AT REAT 454, — R Ae W L T IR R (4 VB(Valence Band)
FN4=73 1) 5 % 71 CB(Conduction Band)fJl. S4x@iHLk, HAgH R ANELLM,
WAl (VBRI A (CB) Z IAIAFAE— AN 28 . FIVECHEAL A SR K Z 0 &R A
WRRALH), — B RAT ORI AR e B, RO iy B A e 28 W iE I
TiO,, fEpH=1 WA 3.2e VI R AR 56 B 3eVAE Ko SRR 41 25 4k
MR, Eg/NT 3eVIRFR R -S4k, HXFRI5IEALR. T ReEm Tk
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SPAARTR BIEL NS e SR~ AL AL RN, oA il 7 A R A Tl RaE, A
A RIE R 347, TP~ A e A f PRI e - O AT B R i i
AL LU 2 L A A 23 7O 4 P 28T 1 2K A A (R PR B A~ 3 AR I
(KM e RS WL o 22 7 0n] LA Y (3 AU R T W B 00 o s ) v R P, A
JEAANEANOE PRI i AL,  HT B2 A R 45 32 2 11 PR HEL 1 1T A3 i
PP ARG B R o R A 3(1-2) 50 5 o 0 T 0 5 B~ S AR AR R e e K 1
ERARAE RSN I (1-2)2E W, BB AE T8 N Fagmm) iy, 4 fig
BT ERITE

1240
Ag(nm)= K(1-2)
Eg(ev)
E(Vacuum)
0 E(NHE)
-
-3.54 -1
cds
- b — Zl'éo Ti: B
a WOs _  FeOs|
-4.5 T o s Hy /H,C
5.5 =t l..- Fe’*Fe
: - 02”—'20
6.5+ P _E ........... .
A =
L OH"*
-7.5 3 Er...é.i_._. Y SRS _ FQJ'F -
=

B 1-3 JUFFF 4R pH=1 S HFFMNH e E
Fig. 1-3 CB and VB of some semiconductors at pH=1

TiO WNAL - oK, FHopER IR HA 22 AN, FIHANE 3d5hEnd 4 M
7 55U FIE 3 B (Covalent Bond). 7F HAR A, TiO,LABLEKH (Anatase)

421 44 (Rutile) S AER T (Brookite) = Al 44 iR 2 A2 7N o v e WL Mot 2 4k 11
SRR AR S, FE T W FRAE G HEALRIA R TIO, A Bkl &5 i sl
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B 55 AT R B 45 s 10— B0 S A IR A M EIORH R BR OB Uk < 21
A Gl KPR ] F 3 I TiO, 1 EEAL I R R s

& 1-1 RERETION 3T Hhd
Tablel-1 Comparison of properties of TiO, for different applications

St Bk
k4242 (nm) 0.5-20 210
to & & #2(m?/g) 200 8
% J (cm’/g) 3.9 4.2

R, BT EER ARG RN, IR A TR 4G
RGN, AH H RIS H A 22 1 2 483 B SR o D' A v AR5 g R
A HLECE IO R R, S i s ) P PSR TR 1 45 1 o 8 7R
M b, SRR R F - DU JR— AN H P 2 A (FE A 2 AU 7K R ol o 2
), TR BT RS BRI ANLSS i R aE &, WA Al . X T
LRI OR UL, AT IE RS I B AR AR, TR T2 e U i 3 (0 57 8 A T
Bt R R S AR SR AT o ) S BV EA A -IE SR RE 8 R AR ISR 24k
AL R o AU, (R i A L SR T R . X, A
WU = HE D6 A FL - BOG AR 2 A R 4G JEAS MR B 431 o 55 Har 1) IR B 00
B AT 38 4 10 2 Hi P RS A B A I R o XA b R M A A A e S A s Py N R
THEAT o S FAE G FR) B 40K 2R THO SR A — M8 1 18 W D Ak 1) A Jit
H, 4nE 1-4:
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2 ; (Hrﬂ Reductive TiOq + hy —— &+
= |conduction handT D;.'- Degradation

it + O ——+ OH

3.2 ev e+ 0y — 0]

[N, oK Oxidative *0; +H — HOz
[0 Degradation

B 1-4 TIO UL R T E A
Fig. 1-4 Sketch of principle of photocatalysis on TiO,
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{Photosensitized electrolytic on oxidation on semiconducting n-type TiO, electrode)
7E 1969 FAE AN —ARAE KRR, M FERG IR RE . 1972 F-Fujishimafi
HondafF Nature % [ R £ [0 X T TiO ARG A K P e LR & — 2
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GG WRRZ MDA R, BUD TR SOCRAIRCE . Jufifl kg RE
S P
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FFIEo )4, S.N.Frank 5 EAEAL AR K 5 B 5 3T T TP CAE, AT
WL T TIO 2 di AR AE WU /R R N A 28y 7. AT "8 T, E8E
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& 1-3 RARACAE SR A7 F 4 5L )
Table 1-3 Application of photocatalysis in daily lives

Property

Categoty

Application

Self-cleaning

Air-cleaning

Water-purification

Anti-tumor activity

Self-sterilizing

Materials for residential and

office buildings;

Indoor and outdoor lamps and

related systems;

Materials for roads;

Others

Indoor air cleaners

Outdoor air purifiers

Drinking waters

Others

Cancer therapy
Hospitals

Others

- Exterior tiles, kitchen and bathroom
components, interior furnishings, plastic
surfaces, aluminium sidings, building stone
and curtains, paper window blinds

- Translucent paper for indoor lamp covers,
coating on fluorescent lamps and highway
tunnel lamp cover glass

- Tunnel wall, traffic signs and reflectors

- Cloth for hospital garments and uniforms

- Room air cleaner, photocatalyst equipped
air conditioners and interior air cleaner for
factories

- Concrete for highways roadways and
footpaths

- River water, ground water, lakes and water

- Storage tanks, fish feeding tanks, drainage
water and industrial wastewater

- Endoscopic-like instruments

- Tiles to cover the floor and walls of
operating rooms, silicone rubber for medical
catheters and hospital garments and
uniforms

- Public rest rooms, bathrooms and rat

breeding rooms

1.4 RZAKRBURFRAS

JCHEAAE AT 1R BRI BH B fif RE 7 T A0 R A AE N T 5, H TR i
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G KBAJERET, SAMGLRA Y 4%, v WLty 43%. & FIBLEI B4 TiO )
WBREE N 3.2ev, TERIHRFHOGAE T2 3 T — & ], A EF IOy i 4L
%, B LAEEETION GRS T8, L RES. Jbgil. SR cHEE
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BH e vA SR EE 7 AT A T2 I S T 5
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2. K0

2.1 CIGIRF B L& &

& 2-1 FEHiXA
Table2-1 Chemical reagents

WAl aifE FEH

4KBR T BS Ti(OC4Ho), A=) 7 4 E M AT P
FK TEEC,HOH PRUED B IBAFBIBAT )

— LEEENH(C,H50H), AT 1A T AL KA T
A KH,0 é 4 g %

IE A2 B L BE(C,Hs),Si0, AT AP o ¥ -

£ B HCL AHTEL J- MR A T

F HEAEC14H,,N3S0; K 4 dwiT
FHER4EBI(NOs)3'5H,0 HHTEL JTARMk®BEAT
FHBR4%5Ca(NO3), 3H,0 AHTEL PP P L (-
FYBR42ST(NO3), AT REWHE T
FHBR4£Mg(NO3), 6H,0 AHTEL RET KRBT KA
FH B 4N Ba(NOs), AT JT ARk BT
AT R CeHgO7 "H,0 ML, RET K RAF RN
7k T CH;COOH AT RET KRBT KA
T F 3 % Ci6H 5CIN;S-3H,0 K 4 Jm MR A T
EDTA[CHeN (CH.CO0H) -] » AT RERI ML
K EIKNH; H,0 N30 I hRalk B BAL T
FH B 4= Co(NOs),6H,0 AHTEL PP P L -
FHBREENI(NO3),-6H,0 AHTEL ali sk e
RAHBRHNO3 T TN AR A T
KRB H,SO, =23 M R

(B ABE#T) M EHLE

* T Bg n JC"J’é =
SR CHi: [CH2CHOH] foss s AN E) H

10



2 .55

R 2-1 FIKFA

Table2-1 Chemical reagents

=Bl E2Y S gipE I
FLBR 4 Na,SO, ATk, J M AR A T
LA KCl AT T AR A T
Ti0:4 AT J T FFARB R AT
R 22 FIRAAB XA
Table 2-2 Apparatus and equipments
% W A 5 HEFETHK
B ERIT 125W b LA W R KR F)
BEYT 150W =X PSPy
5E R AT 400W F I F v, 25 REER
—ME FY393 J M T RRE b, A PR E)
48 %T 5W b T8 W R R R A5
BN T W A U3010 & H A HITACHI
Fh Ty e AR 55 M22/1 & #£ 18 Framo-Gerratetechnik
B A E T RAR 101 & LA RIRRT
P 48000 A % & Thermolyne 23]
FRFLAL B % B R PTIRBEA AT 2B E
W1k TAE 5L CHI 600A %! fé/& He A 35/ B)
A& HG-250 L ap
RERFRSE CQ25-6 LT E R AL E)
LA HANGPIUC FA2004 LHERFRET
pH it PHB-3 LA AT
HFAEit LZB-6 JIEAREES
12444 SEM S--520 B A HITACHI 23]
#4455 TEM FEI-Tecnai 12 7 2 PHILIPS-FEI 23]
£ R-IE AT TGA-60 2 N PE I
X S AT RATHAL D/max-111A 0 A% RIGAKU
B FUAR I ZAL ST-03A bRy AR
EIEI Master-flex £ B Cole-Parmer L2 3)

11
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2.2 RH|JUEILFTIMBI 0, (M=Mg. Ca. Sr. Ba) Y&

2.2.1 MBi,0,(M=Mg. Ca. Sr. Ba) ¥} kA0%|&

MBiO4 ¥ K (¥ il # R F EDTA 4% & % Jie - it Jie 1), 38 3038 77 40 456
Mg(NO3), * 6H,0, Ca(NO3), * 4H,0, Sr(NOs),, Ba(NOs),, Bi(NO3);5H,0— %
FITHIR &L, Z5GFEDTA, FrFMRLL LMK . UMgBiL0 %l 444k 2% 5 &
LEFREUMg(NO; ) FIBi(NO3)3-6H 0, & HHiRE T /K H B, ARG IRG 15,
HRGWIRA. 71144885 T SEDTARE/RLE 1:1.2 FRIEDTAR Ti& #E20K, 17X
EDTA ¥ 20K B0 IS 5 1R PR R TR IR, AR A HB o TEAN W FE A IR I
e B, [FNE EEHpHIE, RWmsete. KIEEGWIE T 90
CAREH IR, AEHKS AWK, BFAHABPIRI AR R 5 bR e R,
FHEIEZ 2°C/min, T 150°CH5 8 2h, WAL T FHH] 600°C, frifd 8h, ¥4 H
bR . FUEWICaBi,04+ StBi,04+ BaBi, 04t K HIILVATITT . BRELUIE] 2-1 P

%
e
- |
T =R
:> g -::::E:I sk
i
& hn H
TEREELE
# l B
ReiEmE FHEEI
=t ]
ﬁ!:F
FE: L::— B ST

A 2-1 MBL,OM R4l &= & B
Fig. 2-1 Sketch map of the preparation of MBi,0, powders
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2 .55

2.2.2 SrBi 0. H % (FHIR) BIH &

StBi O A il S5 KU R 3 Fhitg e (LB CIi 5 HIAS R4 B T B
K SIBi O A[EN E AR IR =, TSR

AVEIE -5

KA 20mm X 20mmoK/NRERE, ST B fakt, ARG E, &k
R AR BRI 90°C /K HH N FAGE I VA I v 1, AR 8 I vh R T B
A 2mmy/s T8 IR R, 100°CHERE 10min, SR 5 K5 %08 AR e 2 3R g A DA 2
C/minfHift 42 600°C, ik Sh, HIRA . 153] 600°CHALEIEF)SIBLO B . AH
i R ] ] 4% 400°C . 500°C. 700°C. 800°C Fyifik.

EDTA
Tl H&EE’T‘U‘F&EQ%E
i B
spmrn )| 8 O] umx
R ﬂ
42
Eﬁ;‘}!iﬁ# pHiEH)
BeEm s
3}(3@!%3&
Bk
s mmen
gamEmss O | o088
TRIEE

B 2-2 MIRAR IR K - SrBiy0, % I AAZ B
Fig. 2-2 Sketch map of the synthesis of SrBi,O4 thin films by sol-gel method
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MBi;O4(M=Mg. Ca. Sr. Ba) FRIDGHEA I SILAEANERE

B)% LA B B 2R

600°C [1)StBi, 04k A LA R LRI & OS5, 28 LT FHIE Sk iR o 4,
¥ SIBLO R FINR LMGIEEW, BiFES . 88, sk RiEE. XS
EREATARFI RN, R, T, KikeR] 600°C, £BIEHI %2 StBi04
W . e FE (M SIBLOLI K IR 2 o ViR s B 18] 2-3 P

& & SrBi, 0 4%
EHSBROM
—> REAEBERE ) Lo
Dbt A
R OIGERER TR —> IR KRR Z B

R VAT S KR
wr | ke

BE TR 1 SIBL, 04 S T I

B 2-3 A1 B H K& & SBLO LB R T E Ha
Fig. 2-3 Sketch map a of the preparation of quasi-thin films by fixing powder

C)F & B o A

R FH S B T 2 K 3404 ] 52 StBi, O AR T Bk 4T 5 e AR 1,
JH3 R s 2 3 SR LA 25 AR Sl 3 STBi Ol AR IR S LA 22 E . Sk
il £ 4f (1 StBi OB AR 1) 5 S TE B K /NG (s SRR b Sl (¥ T FR 5 38 5
FORN, A, EWA T i R i AR (LA R k), H)
Feifill 1min, $45 ZMRKEMIZBATH AR IR 24h, B, -, £3SrBi042K
Wi FARR R & 2-4 P
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I8 8 SrBi, O, M5 AR (Bl 1)
—> kil — > KM 24 N

M 5 R T 2 R Jg{q:
FETRAR 1 StBi,0 4 2K

B 2-4 FIH B2 Rik# & SBLO X BRTEHD
Fig. 2-4 Sketch map b of the preparation of quasi-thin films by fixing powder

2.2.3 MHKTiOEERE &

F2IESCER TR i s v e, B LABKIR DY T I8 R iRk, J Bk g 1 i
LlE: — LFENE=170:575:41.25 (ARFALEAIR &, JFIEL S HitE 1h, 1595 KA.
SR TRIZ I NN 9OmU/K -5 200mIJE/K ZBEIR A, 0058 B e 4R 4L+ 0.5,
SRIE IS AL E 24h, FHEKVE IS, WDETIi—HIR.

K I B (35mm X 200mm X 2 mm) VA4S JIRAT AL, 565 Sl Bl
HEFE IR 28 KR B . S BHIEBES KT, Ca® S TIO G ARSI 5
M, SCERC Y SR RS i A 2 Si0,.

AL 4 L 20 N e AEERVE IR B 45 Co™ BRI e vh LA 2mmy/s ()38
Bk, 78 100°C ME 10min, SRR IR R AR Ihkrh BL 2°C/minflRE
FeThilh 2 500°C, FALLHE 2h, HARVSAL,

2.3 ELFIBITE
2.3.1 SrBi,O,H]Co 8 2L

PATESIBL O 4 BE IR EELZ N 0.1%Co* Iyl . #2427 55 L FREUST(NO;3), 1
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MBi;O4(M=Mg. Ca. Sr. Ba) FRIDGHEA I SILAEANERE

Bi(NO3)3'6H,0, #% BT /KT IEBGEI, RIGIREGI, fHREEERA. [F
% 0.1%[1 BE /R LEARE Co(NOs )i T IR A « 513448 2 T 5 EDTABE /K LE
1:1.2 FREXEDTAW T3 %7K, fEEDTA /KB P NN IE & 1R BELBE AT AR 1R »
TR GWIEB. EAWHFEA R NS 2 B2 b, RV lpHE, 2%
ek, KR BAWRE T 90 CAKB I, EHKSA WKL, &
JEAFREBPIRIR AR« SRS 3B R, FHEE 2 2°C/min, T 150°C# 8 2h,
LT FEE] 800°C, fRikL 8h, WREHIFBCO™ LLBIN 0.1%M HAs=#. Hett
B4 0.05% 0.3%- 0.5%- 0.7%- 1% 5 BBEATRI AT

2.3.2 SrBi,O, [ INi* {52
IR 2.3.2 B Co™ R R, N RV A NI(NO; ), IR 7K VAT -

2.3.3 Ti0A9C0o" $82
D)4 4 ) 4

¥ 2.2.3 T 5 B A BRI
2)HBCo> 4RIE R %) &

B —E H(E/REL)Co(NO3), « 6HO% Tk, HilE OmIVE L, Rk
200mUG/K SBEAHTR G, 19EB, KB ZE 12N I AR IR 7 VR0 B i A
e, INTEEE S, AREERHE 0.5h, ARIEIEALEE 24h I AT AFHB Col LI, i AE
Co— Mo H5 I I HICo™ W JEH 0.05%+ 0.1%- 0.3%- 0.5%- 0.7%[1)Co> %k

k.

3)YHEAL T AR 4G 4] &
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2,525

AT 4 T 200N RV IR BS 45 Co™ BRI i v LA 2mmy/s (36
B, 78 100°C ML 10min, ARJEH LR B 7E S I Bl 2°C/minff 2
FPTHR % 500°C, #AbF 2h, HARWRHL.

R LR, BISE - CoT B AR FIUARIB A k1 Fis)ifk
fHeA TR IBE

£ 2-3 TiO 0935 57 K
Table2-3 Doping modes of TiO,

K BRITA

Pure 1 & Si-mik 4 & Ti- B 4 & Ti- i
Uniformly 1 & Si- &Ik 4 & Co-#MR 4 & Co-#MKR
Nonuniformly 1 & Si- &k 4 & Co- iR 4 ETi-#K

2. 4 {EALFIHIL I BRAISRAE

2.4.1 MR Wi B e B P RY St IR e i RE ik

MC)E BE PR Bl 2R - B S A P A A2 TS B0 € Y TR O 88 155 e 0 4 ok
FERGELL, 1T HAS RO AN R IR S A AN RO AR . I8 XOGH, [
W5 2 LURE AN IR o 200 LA 1 1A 3 A0 T T WA B S0 D1 1 P

K H AL U3010 S840 1] L A3 66 8 PR il 76 58 A1~ ] L X 3 B Py 1
B AR WOGAE AL S . MG RO X0 B CTEH 200-800nm; B ICHS
ffiE+0.5nm; 414 5% 300nm/min.

2. 4.2 EHRME SN

1. Z#5HT
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MBi;O4(M=Mg. Ca. Sr. Ba) FRIDGHEA I SILAEANERE

ZERII W AR PR RE T, R 5 2 O (— P I 0L Y L
AN AEAEART TR (R0 J00) 2 T L 22 L il E SR AR ) — AR

27/ Doreceyl I P AT A S| UR e S 4 5 o AN 1 NG EivE 2 N » NI R = N
W Ot B S A 22 AR A o TR AR A AR P B R R 8, DRI 7 2 AR
HARBUAZ RS A FA BT 2 AT 22 o JEFE— PO AEE M AR b 2 T
Wy, R ERE R BT L ROE AR TR R . 20 AiE sk 2 ) VR A
Lot 5 2 L E) R 22 . AR 22 6 B Bt ] LA 31— S 2 3 i i 22,
PR ZE 3 B o T SR 2 BRI ) o P B R BBURT D 1 e I it S IeFA8
P R AT ), SIS IN B 2 — 2 T IV B, i ELEAR I, — HLAY
Wk A, R AR, FEZE R BT e Bl o A L. AR N
PN TRy N S i T b e S S S A D T 0] = 750 S Pt
RN IR AN T2, FAREER s T2 e . A T 1R 08 Wi
e, NERZAREAE R TS ). ZZRGhZeIETE . AL B L I RS 52 1
WP TR Pl AR LeG R TR RORERE . A USRI T il e 45 A
BN, L, EEERAG RAF I PP ELIE S R, o B & Rl 20T i — i
H o TR, TR BN R 1] et g e A% s IETEAR B, (HIEK 7 7%
BEA, PSRN, Hoh— A0S MK,

2. HESH

SAREND AR AL RE P AT TR L VA R AR R K I,
I Rl o R A AR A o IX I N i 2l AN HLZR 2 A B 1 R e o0 B 4
AL, AR LANTE B P R 2 D FERE A AR A, O LR e, ) AV
RET 20U

AR, TGA-DTAZ M R B2 W] £ 77 I TGA-60 #4422 AIECH]
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2,525

. THEHZ 10°C/min, SN a -ALLOs.
2. 4.3 X B ROTEHU AT @B YR

H 3RS 1 % MBi1,04M=Mg. Ca. Sr. Ba)LA X TiO MR iR, KHHA
RIGAKU A ] D/max-ITTA B X S5 8 b5y AR AT HHAXHEAT I 7E o A E K Cudl (A
=1.54056angstrom), I L4, Y6 B e 7E 2 0 =10°-70° , FHAHEIHZ 4 8° /min,
HIP 584 0.01°, 0 K56l A4 £0.002° .

F SR (Scherrer) A (20 2-1) ] LAl AN [RAR P 29500 R . b, L
ST T, A XSTERIIR K, K 254 0.89, B /& XRD 5l m
B o

L=KM/(Bcosh) K(2-1)

2.4.4 ARBEERHELAEERER AL

HMHISEMRMEFE R I B3 A5 H A Hitachi 22 7] S-520 414 H 7~ Wil
i 55 9&[F Oxford 24 7] LinkISIS-300X S 4 g il A H] o T EEHARSR R: KT
B 6onm; HOKATE: 20-200005 #F i i K RS (AR5 ) 100mmx6mm;
e JoE IR T Na-U,

2. 4.5 BET JA3# K bk = mE B9 ZE

A 2 AL S S LB AT S e K I 2 S Ul = 22 A M A S I A
W AT R TRTREAT 1 o AEAR TR P L5 2L EER AT S R N G R o [ A4 I
RIMBIEIL T BETH MBS . BETWR TR A HEAB AL : AR ERP h, T
B i 55 R B 570 T R4 g &St g, i B 231 2 Tl (R A ] th 2 v g A
T30 TR AR BRWRBR S5 03 1 A A 22 LI AR T S, e ) E AR
I R I3 1o AL B 2 2 SR 1, ABLIR]— SR B o0 Z TR JC AR AR, WRRfY
A W PRI Y R Bh AT 5 = S LR 252 731 BORBR BAE TSR
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MBi;O4(M=Mg. Ca. Sr. Ba) FRIDGHEA I SILAEANERE

WAL AR ST-03 AT 2 1 FLAR I 5 {32 AR UG B B It B o ] 4 (1 2 T AR S LA 2
ATREATIN 8 (RS o AR AR, FF R RV RUR BE R IR BN, s EUS, FF
A I T 22 i, A R TRING 52 FAAR I, B A AL 8 A A U 45 0
=, WA S, G ELEEA T IS A AR [ A T 2 AR
bl T AR 18 F b A6 23 B A1 43 B A 8 £ A1 S T-03 A [T ALAT I 2 A Il o FE L
R [ R 0.1m*/g-2000m?/g s FLAR I e [ A2 1.5nm-30nm; ] F k51 -
+5%. WRSEAE: PRI 50ml/min, HafF A %SG Ho A 77 A2 B R
AH2No=4:1; FRFEA R, 85m’/g: A MEAIA.

2.5 EUFIENIEERIRIE

2.5.1 PRE RTENFRIENLE LR

BRIR R R DAL IR AL TE PN S48 78 5 I 4224 53mm, 5 180mm
() [B0 £7 B 30 S 17 e P kAT . P 2-5. 4% 200ml. 10ppmilF FFE W VA i 2 M8 N %
WA, RGN 0.3ghE i, SeFIIE S UL A i P B PRI 30min, DUEH L%
filSE, AR ST, JFB BB PA, BRIRTRE SR AR b T BIRES, K53
SN A TEONAE A (25°C )y JLIRITF ) e Ak T B s AT TR Smin, DAL AR
Tt s FRRRE RTINS g, RN RS BB 10minkURE— K.
K HSLU3010 240 A] WL 4696 B 1-E 200-800nmi 43 Bl 3 140 5 3. 3
RO RE
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Fig. 2-5 Sketch map of powder’s photocatalytic activity-measuring equipment

2.5.2 TiOEEISCo By 1L B MESELS

SCIGAE E I A AR 0 70mm, 5 240mm 3RS R 9 S N 2% kAT, 8] 2-6.
SRR B R 5 BRI . R ORAT (125W, P 365nm, b RUIE W)
Tk, B RAE A AR N EE, TR . K 400ml. 10ppm FHEEREVABUINA
JNE B FF, S TG W B 3 0min (5 A YA PR 4 1 1] IR 3 20 B~ ti7), [
I FF e s R KT, T 30min ADGSRERE, SRS RERS 20min HUFE—k. FHH AL
U3010 240 AT WL G EETTAE 200-600nm 3% K [ P 41486 000 s R 6 v 117 WL
JGRE . HIREREIN AR BN ) 22 A — RN B ) Rk =

2.6 il YRR oo AT RS o e RO

HAR AV RERAEAE A S BRI ) — A R Ge b 4T, SrBinOas TIO, T 3K T



MBIi,O4(M=Mg. Ca. Sr. Ba) FRFIDGAHEA ] & K& LA ERE

ITO(ECE EAHR) A TAEHAR(WE), 417 (20mmX20mm) k5§ Bl (CE), HiFiH 7K H
W Ky 2 LR (SCE), FEMCA 0.0 1mol/LI¥INaySO 4, 4 ik FH 4 #r 4l
FUIRZEEAKACH . LLESAT (AW, 365nm). 20 €0 AT B i J i 54 Sk e,
DGR LR S A5 O T 1) R B Al b, BT AR SR N AT

5
e :
T P
T \ , / 2
. F — ] —
— [ B
B e
_ 1 4
= :: - - = L~
s

1 glass slice, 2 aqueous methyl orange, 3 high-pressure mercury lamp,
4 air diffuser, 5 airinlet, 6 reactor, 7 water, 8 water bath
B 2-6 MEACHEMR LK E B
Fig.2-6 Draft of photo-reactor

tungsten lymp

RE WE CE . 1

Pt Electrode
CHI 660
\—/

Electrochemical Station TiO, Electrode

A 2-7 wALF TS =R T T EH
Fig.2-7 Sketch map of electrochemical workstation



3.MBi;04(M=Mg. Ca. Sr. Ba) FRIDCHEALF KA E ELE L AL S

3.MBi.0.(M=Mg. Ca. Sr. Ba) &FI 4L
HOHE AL T T EL B A R A BB R 1+t

3.1 3|5

AR FH R BA &8, BHIF A 2 (T e R W] I TIOL 7 48 A i B
SR AR B ARAT LG Y O TS ] X 6 3y i E T I B A DA Sk
Lo HL A, 2001 4F Asahifi 38 7E TIO BN A #5 2L i 37 [ i 387nm ] T 500nm' ',
()40 75 M1 e 2 5 T3 Ak 79T N TaO fR1 18 52, HEIG 2388 7 F1 0 157 B J3E Ay
550nm' "o BIAEZE T I B AL AR BT LA A R R, (AR IR
Z. XH, BATHS T 2L FIMBIL04(M=Mg, Ca, Sr, Ba), KIEAI{EA
DL DX IRAT AR (¥ WAL, R IV FR R TSI St o f e okt e T 114
AL, FEMTRISZER40E N, BORIP2S AR RHE R . 1 4 Fe b UK (s
IR TR A BT A A R AT 6 S 25 1A R T o 2R 70 A 70 ) A T Bt o ML
VARG KA I

3.2 CIGERSY

MBiLO4 1l F772: 00 2.2.1. MBiLO4HIEH P e R H S72.U3010 28418 0] AL
gy 06 6 BE A4S, 8 AR 45 K i RIGAKU 2 7 ) D/max-IITA(Cu # , X
=1.54056angstrom) 4 X S £& A7 5 3RS

LA TR PR RS 50 W, 2.5.1 TR Tk AP 3R . SR A i BT
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MBi;O4(M=Mg. Ca. Sr. Ba) FRIDGHEA I SILAEANERE

3.3 #HR5itiE

2K I R A BpHAEA & ¥ . HlEd D, RATTEN i il%,
Rt FpHAE AR, EDTAW ML i, MENZ, SEES SRS T
SEPARAT, MR BIE AR E T s IFASRELLEDTA R 15 58 AW i O P e b,
EDTA 5 )@ & 745 A I RUHHT, I BpHIFAIK, S EEDTARE L/
imAT . KIEDTA L 2Kt m e AW sEg e 1: 3.5, 13k 3-1 Jir

7N o
& 3-1 FUKFAZL5 EDTA A 26 tb F 38R 69 % 0m
Table3-1 Influence of ammonia amount on properties of sol

Ratio The state of solution

1:1 EDTA could not be dissolved completely(pH<1)

1:2 EDTA could not be dissolved completely(pH<1)

125 EDTA could be dissolved completely, but precipitation would separate out after adding

the metal icons(pH<1)

EDTA could be dissolved completely, but precipitation would separate out after adding
the metal icons(pH=2~3)

EDTA could be dissolved completely, and precipitation would not separate out after

1:3

1:3.5
adding the metal icons(pH=6~7), the solution is clear

TP 3-1 AT LA AT UGG IE TR (A >420nm) W 3% 0 — e FE B (1 6 A
TiO LA A W E , TTMBi,04(M=Mg, Ca, Sr, Ba) 7~ H T R I, MgBib0,-
CaBi,0420 738l I AST45 7 0 At LU A5 23 0 IA B T 82%+ 79%. StBi,044 72%.

MTiO, UL S 22 51 S8 AL 11018 5 S fiT 28 68 L v ml R B A1 0T s 8 i 7 g 222
S, & 3-2 e Prililes A s o i S TIOAH LG, AR T W R ILLF,
e 7F ] WG IR TR . 2085 K B/MK IR Ca>Mg>Sr>Ba. B4 50l
HEATEVERT Y o H 22 CaBi 04 AT WG ST I EEMgBi, 044 — 48 11X
SHERATIT (B 3-3)3% W : MgBiOu¥) fh AL il BESE 58 4T, ATHIEIBL.
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3.MBi;04(M=Mg. Ca. Sr. Ba) FRIDCHEALF KA E ELE L AL S

100

80 —

60

40

MB reletivaly concentration

20 H

0 T T T T f T 1 ) T ! T ! I !
Origin  Photolysis  TiO, Ba Sr Ca Mg

A 3-1 I F A Mg b R g

Fig.3-1 MB original concentration and its variation after 20-min visible irradiation on the different

oxides
100 Ww m
80
/ Ca
] Mg

§ 60 —
o) Sr
o
c i
8
3]
2 40+
)
x

20 -

0 . , . , . , . , . |
300 400 500 600 700 800

W avelength/nm

B 3-2 TiO, 5 MBi,047% B # £,
Fig.3-2 UV-visible diffuse reflection spectra of TiO, and MBi,0,(M=Mg, Ca, Sr, Ba)
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MBi;O4(M=Mg. Ca. Sr. Ba) FRIDGHEA I SILAEANERE

35
194
= Ba
[%]
% Mum.mu. ~ e
£
Sr
iy | o
Ca
m ot " Mmm..A
T T
10 20

20/degree

A 3-3 MBi,0,#9 XRD A %
Fig. 3-3 XRD patterns of MBi,04(M=Mg, Ca, Sr, Ba)

3.4 g

FUKIH R HR A S pHEAT 5 B m, Hmd, RGN HIL
%, EDTAWRIER /N AEd2, SHESSEEFRmsss, M4
WA AR BE T s IFANRELLEDTA A& 15 58 AV i 0 FsE i, EDTAS &8
B AR RBOEHT, TS RpHIRML, FBEDTARR L NTATH . 2858
BRR, UK ENEDTAHER 3.5 %,

MgBi,O4. CaBiyOsv StBi 04y BaBiOs RYDEHEALFIAE ] WIS T, X
L8 o RAFVE P, (HR BEEMES I AR O, M AE TR 5 A ek 14
o TTREM IR PR B B 1 PRI, SR T AR % LA P9 T SR T
A,
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4 AN AR AR P S G HEAL 771 SrBirOg AL I M Y 52 0

4. I [E] AL IR X L FISrBi 0.4 1k
EREd A

4.1 3|5

fE b—3a75h, e T R FHEDTASS A ¥ -0 46 1 4 s R 4D AL
HIMBiL04(M=Mg. Ca. Sr. Ba)fEn] WG T o HY 1 5% M7 G (47 (1) [ i
R, T PR B A MBS 1P AR R T BRI o 0 T8N il e 2 271 1)
MG, SRR REE YE EIEH o AR T I —1CaBi,048#
PiStBL,04, & A S MGHEALTEME S 2 BB LE PR B IR, 751X 5 K SIBL O
NG, s e i B b A AT BELRG R0 00 B 5 pHEL PRI o LA S R el J52 11 5 ),
R IR B R SIBL, O A IS VA A5 025 (K 510

4.2.1 SrBi. 04K

KH 2.2.1 P TREDTAZS G i -5 L 1l 25 StBixOs,  HIUKA A St(NO3), Al
Bi(NO;3)36H,0. 3T, bR, JhHiE A 2°C/min, 73714 400
‘C. 500°C+ 600°C~ 700°C. 800°C, frid 5 /Nif, HARAH, FIA[RIELEE Akt
[RISIBiL,Os k4. 7 81~ & 4-1 i
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MBi;O4(M=Mg. Ca. Sr. Ba) FRIDGHEA I SILAEANERE

EDTA
Bl &&ﬁﬁ%ﬂmﬁmﬁﬂ
i O
spmre )| 8 k| pax
SR ﬂ
EE
R liﬁ B pHiEH
ReE trimas
i l iy
e
E !:F
e T FREE
TR :L“:— HiE

B 4-1 FFSE 4 SIBLOM A &= & B
Fig. 4-1 Sketch map of SrBi,04 powders prepared at different temperatures

4.2.2 ¥HRRIE

K HALU3010 5 ANAT WL 230606 B oF A StBL O AR H1i8 SR 2k, i
1 4 J5 [ 200-800nm . &b 4 45 14 il i RIGAKU 2 ] D/max-1ITA(Cu # ,
2=1.54056angstrom) R XS AT 5 A 32 o LR T AR FH AL 5 A6 20 i R 43 A A s 4R
HIST-03 AL [ ALAR I E A &, HA RS FE 50ml/min, HyNy=4:1, FrFfH
WL, 85m’/g. TGA-DTAZMHIR A it /A 7l £ 7 (I TGA-60 Hh G 2= MR AL, FF
IR 10°C/min, Z WA a-ALO;.

4.2.3 {EHERENR
AL VE PEIR SCIGZE BRI AR 53mm, = 180mm (1[5 14 5% 35 sz v 2% ik

1T+ ¥ 200ml. 10mg/L W H BN Z RN A, RJEIA 0.3g FEih, JeH
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4 AN AR AR P S G HEAL 771 SrBirOg AL I M Y 52 0

A LA BCHE PR PR T 30min, BEAPA SN NI KIS C) s i
KA (400w) By 30min, e 5 BT R Sevniieh e, RO 2h JEERFE
ST FI S U3010 440 i WA OB FHE 200-800nm i 15 FR 0 i . 4
VA IR R H M €%

4.2.4 SrBi 0 ERFI & & BLFMIR

StBi O I F AR A% SCHR 77 15 2%, A5 LR AR A DL 2mm/s (1 38 1 3205
b, 150°CHE 30min, AR5 B P L ERAR AL 5 B b BL 2°C/min gy 5l FH il 28
400°C 500°C. 600°C. 700°C. 800°C, f#ifi Sh, HIRAHI,

I CHIO60A HL A 27 A il U 5 Mo i A 2 PR R, SR = A 2R TR
KA A Z LR, PRABOA RS HEAR,  HUARVEA 0.01mol/LIYNa, SO, G
k], NI K A=420nm.

4.3 ZER51FiE
C, HEANKEN 70%, 500°C-700CHEA R, #T V-1, 800°CIREARAKE.
7E 200°C-450°CH PR IABCEE, 55— AN T 45 54 31 55 A IFNH4NO; |

EDTAR 7 A TBAR, 5 AN TR <5 48 S I i R A DL R . itk
JAAE 550°C-700°C Hi B VB, D di Al LUK i T 48 R
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MBi;O4(M=Mg. Ca. Sr. Ba) FRIDGHEA I SILAEANERE

TGA Thermal Analysis Report or
mg u
3 63min DTG60--2005- 2#. tad DTA |
[ ‘ E— - - . ta |
| 357. 92C  DIG60—2005- 28 tad TGA | 2000
| 60, 16uV |
8. 00L 19.40min | |
923.32C |

10. 22uV 1
\ | -0.492mg 1
| -T.321% 10,00

I \ | |
\
6. 00 . . \
2.50min . \
50. 15C 24, 2Tmin \\

1401wV 272.12C
V\ 1 50,00

-8.02uV N

0.00 20000  400.00 600.00  800.00
Temp [C]

Fig.4-2 TGA-DTA curves of the SrBi1,04 dry gel
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Fig.4-3 X-ray diffraction patterns of SrBi,O, at different temperatures
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Table4-1 BET Surface Area of SrBi,O4 annealed at different temperatures
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Fig.4-4 Diffuse reflection spectrums of the SrBi,0, at different temperatures
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Fig.4-7 Amperometric i-t curve of SrBi,O4 annealed at different temperatures
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Fig. 5-3 Amperometric i-t curve of different concentration bottom doping films and pure one
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Table 5-1 Comparison of SrBi,O, photocatalytic activity doped with metal icons(Co®'. Ni*") at
different concentrations
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Fig. 5-6 Amperometric i-t curve of SrBi,Oy films doped with Co®" at different concentrations
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Fig. 5-8 Reflectance curve of SrBi,O, films doped with Co’" at different concentrations
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