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CHARACTERIZATION AND PREPARATION OF
MESOPOROUS TiO,

ABSTRACT

Since the mesoporous silica was successfully synthesized by Mobile
in 1992,many efforts have been devoted to the field of mesoporous transition
metal oxides for their distinctive properties.Titanium dioxide is one of the
most important oxide semiconductor materials applied in many fields such as
catalysis,photocatalysis,sensor,solar cell, photo-electrochemical conversion
and so on.Although mesoporous titania materials with amorphous walls and
nanocrystalline particles embedded in the amorphous matrix have been
synthesized,the amorphous walls restricted applications,because only
crystalline titania can generate photo-electrons and photo-holes under
irradiation of near-UV light. Titania with long-range order mesopores and
highly crystallized walls may have useful applications in catalysis and
photocatalysis.

Using tetrabutyl titanate (TBT) as raw material, titanium dioxide (TiO,)
with controllable particle size was synthesized by applying surfactant or salt
solution assisted Sol-gel method, and with the assistant of surfactants,
mesoporous TiO; was prepared successfully.

The influence of surfactant amount, mixture ratio of raw materials and
subsequence to adding the raw materials on the preparation of TiO, using
surfactant assisted Sol-gel technique was investigated. And in the process to
synthesize TiO, by applying salt solution assisted Sol-gel method, effects of a
series of technological factors were studied, such as the adding amount of
TBT and solution of sodium chloride, subsequence in addition of raw
materials, variation and concentration of salt solution, as well as the
temperature and time of calcinations. The balling mechanism was also
investigated. In the preparation of mesoporous TiO, with the assistant of
surfactant on the basis of salt solution assisted Sol-gel method, the influence
of molecular weight of polyethylene glycol (PEG), especially the PEG 20000
on the morphologies of as-prepared TiO, and the experimental mechanism
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were researched primarily.

The crystal structure, morphologies, mean grain size and particle size of
as-prepared samples, as well as the structure of mesoporous TiO, were
characterized using X-ray powder diffraction analysis (XRD),
ultraviolet-visible spectroscopy (UV), BET, infrared spectroscopy (IR),
transmission electron microscopy (TEM), scanning eletron microscopy (SEM)
and thermogravimetric- differential scanning calorimetry (TG-DSC).

Results show that in the process of surfactant assisted Sol-gel technique,
with the increase of amount in adding surfactant or the mixture ratio of H,O
to TBT , the size of as-prepared TiO, will both be decreased, and the obtained
TiO, are all in anatase structure. Through variation of process, anatase-TiO,
can be synthesized by adding H,O before TBT, while amorphous TiO, will be
prepared by changing the subsequence.

The influence of preparation conditions on particle size and crystal
structure of TiO; prepared by salt solution assisted Sol-gel method, as well as
the mechanism, was investigated.

The effect of surfactant variation on particle size and crystal structure of
mesoporous TiO, prepared by salt-assisted Sol-gel was investigated, as well
as the formation mechanism of mesoporous structure.

(1) TiO, can be synthesized by adding PEG with different molecular
weight.

(2) TiO, with narrow pore distribution and mean pore size of 10 nm can
be prepared by adding PEG20000, which may attribute to the chain length of
surfactant or space steric hindrance.

(3) The formation of mesoporous structure may attribute to the removal
of organic substance in the process to prepare TiO, by adding PEG20000.

KEY WORDS: Sol-Gel, TiO,, Spherical shape, Mesoporous
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fLiE,

NHAME GRS RBEEOT: §ERELIDM F/KBBE T MARTEER, RE
—ERE TN BT KRN, KA MKE=YEZR TR A KN,
REERLL BN ER#THONE, BATKLESEE FKEE, BELTSTRA
BTRL4HE, BREESENEBESERERIEENG, RR2THRENME. B
Z, GABRTURBEREEA, ENDSTHIHELERERT M LEH, FIgER
FROFEERR: (1) EASHIAR, BTEIWER B4R, RN
M EEBIMRERRERFANEN; Q) BESTHYERL MM HEALE, B
FILACIRE: () ERREVYEREBPENTRERN, NX#RCERE. HTE
EREEPY REIASHWELESRE, FRERAE, I H& B0 E R Z AR,
HREREETHE NS REA TR SRR W, MR
BHE B E R, T X H A BB RHEE .

1.2.2 LA RO TE L

A EFRETE S P R R E— T HW T LA
(1) WAL (Liquid crystal templating mechanism, 45 LCT)

BRI 1 Beck!"5 A 32 (MR BER AL (LCT) . A AT TR HS T HiAh E BB 2 (1)
ARG AEE, TREEFEEAEBAAENETFHS: Q) iR EALEH
EEHFEMANAABEE FRRSMEZE, FERERMENKREEL, SZE5%



BRI B 2R AR 3

TSP AIZE K BB B R SR R A . Z TS BF A ERFHR A, wTREREEm
F: BRERRASERIEERCEBR PR, HEAERBP BN, ERGHET
SIS RS TT 450, ERAFENDFMAG, TR SRR R A E,
MR AR A AR B I-ENE Y. BR, tTRIEHERIB RS ER
MR+ BUE, TR MA T I BTNDM SRIESFRER &, Bdad
FAERTIR T AR EH. 2T ERBHERERRN, EhIMEFHEEN
RETEERIEAK S IR RPE o
() BREHEER (Silicate rod assemble model)

GHERAAEBEH R EERERNRTIANERIRE T SR B E AR
REMBAERMRERRE TSI AR EHERER, XEERIERERERER
ST 2-3 BRALE, REXEGH-EHINERRRE Sz AaREB43ER,
BT HFGER, FHXENTHFIEHEKERFN. HTKRNRMRM, FEEE
RS RBHR RS, XHEBRRERETEHRERE L% SHNE, Mk
8 MCM-41 (—HNFLAED, KRN AMBEKEFERRFE RN, RZ, WRKMNA
B, RNAZS, WEEBERREELBASNNEHTHEE, BRERERRE L
BN RREAT S MR, XHBINMENKEERES RN EKMHLL, 5%
ARFFHE, EREMHAHIRARERERMAEES, X5HFLLRPHFELERM
o
(3) thFEIYERHLE (The cooperative formation mechanism, 455 CFM)

BB G RS A P B AHKTE B h T AR R Z M A IR . X
HEAERRIATHDF IR R N R Y R R SR R e R, DURR
RIELH DR ROERTE. ZHENAROEERNEFT Y EEAKEFTRFNES, K
HE TR 7E R R4 T 7= 4, TAL-F OB F RIS 2 RER B MR R
BErRREER. BTN S REEERS G 2B meRALERNER, &
BATULACENS, FRBUXFEIRRMN, XNAFYIRILE M B A S1ER R e fER & By
EERILA, REeT U H - AE FHEERARLBFR. BINZEREL AN
BAI ZERZMER.
1.2.3 LR % T5 ik

BELMZ EHF(G ), AT GAEFNAMERERA LR B, 8
HEWAAEZRERNHES, MEEHILEERAIM . TFHAAMEFHLBRER. &
B AR FEE, B ILMEREE BT R PR R A SURREEBARR,
LA 24T FL R EE ) KA

BN IR R E BRI, SRR, i riE k2,




N ZFAK BB & SR

PPl BT RENTHERB R A RSEN T B R 544, NiB
BB EMN MR, ANAMERNARAERE. B2, TRERLAZEKEITHENT
2T e Bl

MAFI B R FERE, TR E R, BB (sol-gel)E
REFERN LI GRZANGRRERNEFN M EE . FrgwR-BIRE,
BB B EKB-SE RN, ERERT, HTERKERERE, K. B,
BN FHERBRENS, RERE-EMREMNRK, BRELZLS5TRE—D
TR, R RS ALk B - L T il % Si0,. Ti022 A1503. V02, AL 0s5-Z10,,
Si0,-A1,03 F N LA AL HEEAH . FLARRMFLRERLE T A B s A St
FREHl BRI RN, AR TREEP RS, RERANILE
FLBRE, MALCEMEANER, ERERETLORE, dTFLEERTK MR
NMLEMALRE.

1.3 S ALK IR Lk

R EHREFHAMLEMKREFANERER, REH T8, ABRRTE—E
WHATEAN., FFRNLEEWERR, R AR AR b, il
SURE, FESAMEERELRY, ELFPY, g AP, aimCl s E RIS AR
FARIR. 19954F, AntoneliZPUEK&R T BA MR ATALSHNN L 8Lk
M. YuanP % AR — BRI RKBLERYR A ZH-BRERB-BELZH (E0xPO,EOs,
PI23)ERAEIE T RES, REHKIKMAKRIN TR, RSB IRAEMAK, ¥BBEIMER
WRHEBZMOEFLY, SR TRABRL—ERAS, BITEFLTHER, £413K
B2/, BfE7E623 KBURI/N, BWHIFEIBEN LS MK, Zheng it MU
THEHKOBR R, FAZR0UEE, Hb), BRI IRAIEAE T
ZEAEE, LR AZA300mYg, FLEH—HAMGERE, KA32mmAS.

MWK TF AT IUNRE, FIHA B EE:

(1) 5 B ERREILE) MKBMERRHR, LA,

(2) HABRERTEERESGIMEE, 5 RERRT5 RS 5HE;

3) ZEMUAN LGN AFENE FRENERERERE.

14 ARBEHRENE. BRIMEX

AR UL R BTN 5, 7 SR 5 b Al B 0 o e el e v ) 4% HE B A2 AT 452
N EMEK . REBIR T AP W HER RS R4 W, FFxf 3
ARYEHT THEBR 2. AR TIHAREL FENRZZE (PEG) XHTHI&H
RN GEHIRE W, E X PEG20000 R FLE BT T . B X %



BRPERH A PR - 2018

KRTH AT (XRD), B REMT (TEM), HEREEIMT(SEM), A/EESHT (R),
KA RIS (UV), RE-ZREH AR LS (TG-DSC), X B FH7 5 (SAED),
R, AR TS FIACTNRT B A SRR B b & ) B ALK S B 45 1
Fg. bR, RuEREHTHR.

THEAMBET. A MR, RESTHRARE T EEMRERLEREY. B
i, E—STWAREEEK, ZEMREREMFIRELTIZRGE, SkER, HEN
RET TR NF . ERE, BRZEUKEN—FHEEMMETZIEN, |/
ZATRATERZHAANR, AR ZEhkEH# DRI ER =A%k, TNLME
HRIMEZASBRCL/LTET, BASIEXBHTNEKL. MLEE R
REPL RATGHEALR], REAEREEHRE. KMHLRER, &SRR et Rk
MER. LF. RAKSNA, NTFRCETRA. RIPHRE. B4 4A¥E, SH
FERRAAEREN, EREREEREAZTEEE EMBEANTR. M2
AERPPREREAL T T 9 ) EXT R IR, (BRI AT T L = m Tk & EH
W, IMENHTLIVAFEEERE—DRRE,

10



AL BRI HI % 5RIE

2 ZR5WR

2.1 LR S
2.1.1 LB
BN BEREN WM =88
DZF B EE T4 FERBHFRNMBERAF
RIM-28-10 B I i 4P R
HI-6 B 2% WX FHENBERFTEAT
JW-004 e gHERMERETN  EEEREEREIFRHO
KQ-300DE HEHEFWFEMN  BIMi@#BENUSERAR
DK-98-1 & fi # e i /K ¥ 4R RET R ERERAF
DT5-1 K& S B L L RN FE LA RAFE
MP200B & #1 7K FERFER AR ERARRTEAAE
2.1.2 LR
A 21 TRHTRALE XA
Table 2-1 Chemical of experiment
E S AFR STE aify g
TKZ® C,H;0H 46.00 sHfral PR
AL NaCl 58.5 ek iﬁﬁ‘ffﬁm
LR KCl 745 A iﬁmjﬁ‘f{ﬁm
i LiCl 425 vaiea ﬁﬁﬁz)ﬁ]‘éwﬂj
_ KR FERL
KZF 1000 HO(CH,CH,0),H 1000 24 SRR R
_ RATTRHEIRIL
®Z R 2000 HO(CH,CH,0),H 2000 & AR
. KR ERL
RZ K 4000 HO(CH,CH,0),H 4000 o4 SRR R
_ ot R kR
HZ_K£20000 HO(CH,CH,O),H 2000 e SR RTFR s
KR M Ci6H3604Ti 34036 AMTHL WRLERAT




BRPIRHBCR PR A8 3

2.2 SERESY

2.2.1 R 4 04 B O e - M 1

B — % B R TS 17728 2 8% 20000 (PEG20000), fIAZ] 200ml K 2.8
(CHsOH) i, HBEE SOCKBHRPEITIEHRLE, fFEtifE, Zigwmn—
ERMEETKER, BEREHH 2 M, REEERELGTABREARS, £H
BHEBTRERHN— 2 MR TBR(TBT)HH, 4808 2 IitE, 1L, R
FIEBARS, BHEMMNERKBRPIE, FERTHERLET/ M. $E2MK
R B 048, 2B FARME K Z R R E Y5 TIKG, S0 CEZ T4 24 /M,
BRI HPPBREE NS,
2.2.2 Sh¥T R B I M-SR ik

EERTAHHRELETE—REMENE (LiCD) B, s (NaC) i, &
W (KCD %8, # 100mL TKZEESEEEMERRRS, MAEE—BNREE, F
NERERMN—EENAR T B (TBT, Ci6HseOsTi) B, B4 AEEMYME LB,
EERTHE 10 Do, BRIGRNFHEOLIE, ZEFKALKZBHRBRRE R
FETWE, BGTE SOCEZ T 24 /P, BEEDBPIREAIIRER.

2.3 RILTFB

23.1 X HEBARRTH /1 (XRD)

X HER—MERKIERE, BRAERENHRER, BSEKAT (20~0.06) x10°
EX, A TFRIEMy HRZEN, XBEHARTHE, LAFRBNFELN,
Pk AR E AN LB 5 26 BE I LV 2 0 v IS B B, R LA AR & (B Ak R
RAETMRMIN, LmBK, KBF, FOUERBRAEEL URTUREES
R EMN. YHARTRELSR ‘87, DRUAFJLIREILA TR ENE S
T BTAGETER, X HEASaNEREY, ERRHNFTARN X $%5, RERAF
FREBKE. FRASHERPTRMNNK X HE, AERIAFE (REFH X
Wk X JEEMFPEELENBMER, FINEESEELETRE, LR
T 1R 2 FL T S MO AR BELA T 7 2 R BB S SE AR R Do ER AT LK V ¥R 5 2 Ag=h/(ev)
HENRTEY, HPe VETHE, c AEFFRNE. HFIUERH—RILREL,
ENERETREANRBT MK, BHTREA —ERENFRE RRTET
5o G5 M RRAE - RSB ST IR T 7= A R B R ki X SR, BLE R EE M X HE .
BT X ST MK R AN 3R 7 I R R AL, #1912 SFERYE %K E(M.von
Laue)f@ il T—AMRHETUL: KRS X SERNZ RS EH, fEREuT, 4—K
X WL AR R R RS, TSR, R BRI REER LT W Bk, 7

12




A A= FA IR S RIE

HATT LRSS, TR EEBIATSTERE, e RALH. X—FLT
1913 485 S E P 38 2 K ARG 5 (W.H. Bragg, W.L.Bragg)#t —5iF 52, 3 HAE B EEAE B A%
I E TSR, SO AL, 3 LSRN T H 2 AR—Aiis 2
2dsin@=n\ 2-1)
A d— R, nm;

A—AH X SEHBK, om;

N, B

0—X STEMRTONG I, BARATRAL A, 20 TRAATS .

XRD AigHiE R B, £ B IR R A A B 0 2 R 1) 5 A
. SWIRRLS, ANTRTHALR. MRS, 4RES, B—MRASEESH
B X RN ARATH R, T CRSH AT AR T, AT R R . [ BT
¥k, B, T, R, SRR, 522, MRS, RRSRMRREEE FEe
KO R R GATE, BARIAA— RIS, it b kR B 25
MEHAHE. BHFRERAEEE, TRAKX, RHELREE. R RRA, T
DB FARE SRR . BERTEHARE, BERERRESE—H, BnE
B A VARG B WERIRS, “PRMERIREELG A/B” ARHERALNA T IR R 40 B L
KRE, BAXAMER A F RN,

BRI B X SR RATH TN VTR R B RE .
X S LM AT 44 (/N AT S 04T 8 R SR E IR AR TG (98 20<10°-20°) 9 X ¢
BHET. X STRRRAHMTI MRS, — BN T BN ARSI
BAWERER « KOLEEXWOBS, REVL “TE” W, KT “SEEE",
“7 BRBAPERERE BTN, REEERTREATE. TARNLRARR
FREHIIN, ETEEMANEE, MARERROEE, BERA. KALABK, &
WESAYA (KA, MMOREEK, RAENTSEMIX.

FALR— RS, BB, B— GRS S B,
BRW, —ANERESANTERMAR, BTAHOER, EERRFATR. — R
W, R R T HKL) BER, TR—EREE K. B4
BERN SR EEEED, FHASHK, PERSSERRNAY (ERE—D);
MR, TERRKIRE AR, FENMaE R A B, R—f
—#i, —B— RN B I R AT SR T .

SRR AL, RS SRR, W B RS AR B R A K T
Rz, WEAKSSANSENEENT. BETELRE I EELERANRARET.
OISR, RATEE, AEMBREHE 404978, WMEGLTMAZET, HEHE



B PR KB - AR 3

PR, W4, BEE X 08, RLSEEBRENERSEEA Y. X6 H
FH-ANMETHANB—FRETE, REMERMBETRERL, ETERERED,
—REE BB, XRHEERAFRARREXNRERFABERIGE, EWRELE
T, BAVEERRAFETFRENZNR “REEHE7 , XFEEBERA/NREER
REFHMARMREL, A2ENENEN, —SRERE, —SRABE. FHK,
XSGR ERTH WAL B IR FCR AL E o
A E XA H A D/max 2200pc & XRD M= BT WM. SALHIHR 2
PAR SRR RTHE . FHA M 15° 3] 75°, FAH#E 8°/min, CuKa(40KV, 40mA),
FHREE 0.02°
BB K/ Scherrer 2R (Q2-2)#E 1T # .
D=0.89M/(B -b)(n/180)cos0 (2-2)
AH D—FRRRF, nm;
A—AG X &K, nm;
—X HEN GHMAF A, HFHEAAHAEA;
B—— 0 58 (AT 5HE s
b——AER = A I TR AL
BERTPEKRT . SRR M BARXTFQ3)-Q-S)KIHE,
Wanatase=Ka Aa/KaAa+Ar+KpAp (2-3)
W rutite=Ar/KaAa+Ar+KpAp 24
Whrookite=K/KaAa+Ar+KpAg (2-5)

AP Wanse—BERT WEESE;
Whie—— A AMEESE;

Whrookite——MREKH M EE S &;

Ax—BET (101) IR IREE,

Ar—&4A (110) BRH)RE,

A— KT (121) BEI3RAE,

Ka=0.886, Kg=2.721.
2.32 ME-ZRAHAEYE (TG-DSC) 2

BARFEHEEUNENTNIESESRERRN—EER, SHRIHIT.

REMENDESEARXTHHUTF LR L. IeREMNAEAERIIE
(Thermogravimetric analysis, 455 TG). &HSAMHEE: (455 EGA) %&; MEEEM
FEREHSHYE (Differential thermal analysis, 445 DTA); W@ HE A Z7-HEHH
BV% (Differential scanning calorimetry, 455 DSC); U5 1 %45 1 (7 HHLIR 20 47 12
(Thermomechanical analysis, 4’5 TMA). &M (Dynamic mechanical thermal

14



ML FLER % 5 RAE

analysis, #i5 DMTA) %&; W R-TEUAR, B¥. b%. BRSNS Rk

REBSNEGS TORERFEGRET, WEYRKREMNEEXAN—FH
A, BHEWMYFRAENAREEPEARE, b, MEBSERRK LS RKR, SHMY%R
RERIRERN . EN{EHERAREEURFHI TR, BdMrAERE, B
PUER YIRS DR AT, FERBRER, ATUTERETZOUR.

EFAHAEMIE (45 DSC) REBFHHRET, HERAYFRNS LMK
DEEZEHREXRN—MEAR. JWEN, AFSREDELETNL, RAETHRNBR
RAEBMMHBELEARRERERE, SETERETSHYMERRE, XHEEER L
LR R i B

AN EERT W TER: (1) EIERHERE M. B, SRR
t: (2) BREREADT 30mg: (3) XHEMEEPRMBETEE, LRER (K.
N2 Ar), FHEHEZE, SAERE (WHHHKEK).

AR A HA SIMASDZU ) DTG-60AH #AMHT SO HE G IR . TR AT IR
FHEEZE 10°C/min.
2.3.3 PR BLSEM) ST

P AR LR A A BT 55 (Scanning electron microscope, 45 SEM), & H
EtA 60 AR A BRER I LORRER BERN—MFHN B EENE . HTFE
HEGIRRE, BOAREHREHE. BROSFER. JEKXEREA, W 2
ATz 9. B2, 18e. #E. L3EHE. SaBRES S/ MIRMEm Tk
il

PR EmHERKIEEFSYRMMHEERIRE, MARTFAYRUMEER,
HEBRKIENESEGH SRR, WEEREAXIER, WS, SR8,
RTEH. 4. ARERESEE. Krei B maiime, A—REmAFETF
LY ERERN, BTFSYRSREMLER, ERHTRXMILER, FATEH®R
Ty BEHBT. KRBT i RT FIE X SRMELE X 4%, DEAETRL. £
bh, LLAMBIK S RS, SUCER, MATREE A RS BT, R
%%, AR T EHERERE=EAREBHNEARR, BRAARNE SRS,
KLPEERNE . KWBERIERYFHRAESHIER, RRERETEHET. =
KT BRIV ZEINER, MHFEN X HRBTHE. ERAW, BEA
TR, BETCUHIE & FIRE. SHERENP#HBEFEHE.

WEARR S EFET UG LB T B85, RXBHRTEMNE. BXa
AT B RIBBAEEAR XIS AT 2H/# 0T BB HERE T



BRI F 2241 R 3

B, HREBHRFEMBEETERIE, BHESHEARESRTRRN K
T4 REBETFRURLEEGLE. BA R X SHEREIEN RRNETHERRER
MXREETENEE. FEBREEM, RERH. WEASPEEIRESH. TR
AT4AW%. BE%. £EME. B2FME. LTEH. ®FEyy. denK. =R
FERERE. A%, EHERXYEE RAZIURYIES . oTUORERR IS
BB TR LRTOK. QUK BRI REHE. ZUBHRAESRAE
BESPAREGUERS, REERARFEZEARLEER, REREE. &9
ARG, FFRREIRTENERF R, 24KMER AR S W2 RE AR,
L RFFFR R SRR RO EE T A,

AFE K2 B A JEOL A 7) 47 11 ISM-6360 B35 & S 7 BB R
TR FESEAT 347 o
2.3.4 EH HEB(TEM)HHr

EH L E A RR AE S F 285 (Transmission electron microscope, 485 TEM), &
—MEHAESH. BBOCERE RS, S RN TR SRS, &
MEBIFART T EATHE X AR S NE. BEREMTR RS, B
HEFEMERUARTFREINEMEIRESBRERTENDR, BRHTFLE LR
BHERF E#THEE. B BT EHENSHER 0.1~020m, BAFENLT~LT
Jifk. HTHTFHEHREIEREK, RFENME, DAHEEHEOBEDH GBEHR
50~100nm). HEl&SREAMET AL, EERERK. BFRES2RER L, T
BER R SR B & AR TR EA R 7 R 5, WA F IR B BB KA,
BT HEHNE, RERH IR LR M ERE, BFRA ENERE, KR
THE® (electrondense). R, WFRAHTFHEM (electronlucent). FH B LABK
BB T RENRE, BTREOENE RN BROE TR LR ER—FEETH
AEFERH, BFERBRAENBUBEEREREK. RERTFRENBEEFT TN
R LT TR M A .

BT RUERARNERTAYRE, AETFRAMBETERRELRICEES,
YR M A G IR BB BT BB A 3. BT BB e I L BT fe
I HAAR R R RN EFER R R . 20 D 70 SER, EHABTEMENIHRA R
0.3 IKNIRIIZHARGL N 0.1 XK). HAEBRT EHBRBOE LT 300 g,
T 62 SIS B KBRS 49 4 2000 1%, BB T EMBER A HENZ R E ST
SRR TFRREDHFIEF R T M,

WEAFRREMLFFEEEAFARER, HRARBWT:

(1) H RGN AR TR 1 8 7 i

16



A= FAR R & 5 RIE

WO BRI AR, BANGERI/MERTRE P, MALBILKZE, BA
AR 3~5 408, BB, W 1~2 MR L, TR,
KT 1 KB R LT EREE, & AT EHERARES.

Q) BRRAKIGEETTE UM 200nm)

O BAHABETEKLEERT, EERRBIERRASS.

@ B 0.5g BAMAKE FLAIMI TR 10 6, E2RKS, gD RENE R
Hids.

@ MHMEAWA T HANBFERE D, H—NARKBEREES R, BHEBS
BEHFE, (R RS0 B S B

@ HRERLKZEMBRES, BoEFRE, FFRBFEHEYS.

©® FMRE EHRIH EA AT WP 2 B0, 1 1~2 WA S
R (ML), BLAMT TREET.

PR 3mm HM LM E—BREBE - ERE, ATARS

RFRL. FoA i L B SR AR A it .

AXERHMAWMERIRET 2 BB EBESTERREORAERB P (—K
RIKLEE) S-S FIRE LR/ B s B BN K R I SRR R i L
RETRE, BEL—BRE, BB EHETEMENZRIMARER.

(3) HIEERIH&

Bk R R SR 5 & R F T RO B MR . B — B AT
LR

@ VIEUEE/MTF 0.5mm FHEHR;

@ AE&MPEE, BHRMRET 0.1mm-0.05mm AAKER . HBHTERH
BTERN Sy, RN

@ FHMHL, HEFREETRERE, FEARNEIREEE /M 500nm [
IR

(4) BRI MIH%

PRESREEREARRE. FEEREARETESREN SHARZERHZ
—FIRERE L, AEIREHIE (W “FH”) BB e R W, XHAE
BN BENATEAMENBHAL.. SRGTEFABSRSENER —4ER, ¥
HERNFERER.

ER—RMEEDPHEE S B EMBE High resolution transmission electron
microscope, HRTEM) FIZEX HLFAT45F (Select area electron microscope, SAED). &4 #
REH BT RS (HRTEM) UMM ANEEEN K%, HAERENIHE,



BR PR KPR 4 AT 1R 3

BREMARTRERESOHLERBITRS, SEENRRTEN, RNETFRETN
VIR BRI BE MNES, BT SFREMEOR, HTENATHE. B,
L. EYETR. EXBFATHEDREEYSEGTRNER LR, oA=L/
m#&ﬁﬁﬁﬁﬁﬁ,#Hﬁzﬁ%mk¢mgm%,Mﬁim%%mﬁﬂ%%m%m
X B o

WX FATH (SAED) MIEARRBEERUNT: EEEEH TR S
TR, RAFEAL NG HTX R S X M SR TR, HEERLR LR
LR FATS R OOR B TREX TSR A SN TR, LFE, ERBHEWEM BT
SIEHEA R AN, R NERMTHFAE—TRE, ERIRUSMERRENATHTE
HHAETTR. EXEEAEARD, FURHRAKERE. BEOHKGETRL RE,
% AR B FRIHEREA—RIIRAORER, BREFHE, WRRUE—RFIEA,
A HBMHE. EX B TFHH—BE LTI FHEERA,

(1) WIFEEFATHERR S0 UTRAE, o AR AT IR Ak g, A
HR PRI EAAR Rd=LA, TTUHITUHLE.

(2) HaE AR F S RAE [

() EXEEERT, FABMHNETHEEET U EERERBRNIEXR.

(4) FRAEX B FRTHERRENREERFER, HEERERETR, TUHTE
M B EBRERA X EEES T, Wl E HERETHA KBS, AR K
RE%.

A ERF R HA 2T AR TEM-3010 BUE 5 i 7 B00ss MR G I Om e SR,
PR EST BT BB MR G BT TR, FAER BTN ERREH
HITT .

2.3.5 4506 (IR) 247

LA S S FREHETINR, BRRIARES TEHRN—MERTER, 5HEH
EHLE, AMGE R TEEGBE RS, FIRAYRAL MG KRBT EH
REEH, ARMYBEEERRMLERE, KRKEKAR, MRl s 549
B ERIEL, FRFTUARER, RAANI—FHEEMI TR, £ THRRKLLH
A WAL, PHE. BIF. HE. KX 5%, BRE. 5. #F. 9. EX. %
Y. KL, B RESER TS REHSS AENTHEFBE 2T 20N,

AR BT R TS WALER, WhEBNNEnsTrResE, FRa
SEE T ERTES FRIBKAEA, JhbEls FRLEME, RITETEN DK
AR IRSS, B EMBHERN RS, S THNELEASILERER
AL &0 Fond B i B A R e R R MR TERE AL, RkrZEN
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A FAER R & S RIE

HEAIBIMPRE. W, BE, R, BE, REFEELILETBERERE,
BEALSERE, AR LA E R R FEBLENERE, IABRAHER
RIS HIBEE T AL

HT2 AR FREALER, BHLE R EAR R BT BT ML e 5
AT EEUEZN, KAFRREDSTHN 2T EALERUET R 5 FERE
WX #9722 B ERBVEEDW R THERET, ARBSTHRRSTEERF, XE
RMEERABIES AR LY, A EIX. FAX—RE, ATIRET R
FLARCILERHAIE, HEENEATENA, SR irEEE .
AR BB RMWHILLSMETE EARHEE T ROGE BTN, s DLRGE A & R ik
GE/L %

LSRRI R AR, X TEERES, BRI ER LT .

(D ERik, REEEGHERNAR, BB SR e b i EBE A
Tk

(2) WK, REEAHESGIER 2um UTHRK, BETHERENS, R
R BT R T AL 2 LA, FRARHE R G TS S R KR I — R

(3) %, RICEGRAFFFHAE SRR, ERREEses EsiRbm
i b, SRR G L S MR — R T

(4) WiFli%, RICEERRIERBE TAEMEHA T, REHIRYXTHH
KBr F & A MWLk

HPREMARERE, HUHEEERBKENSERRR TAERFHETE -
HBT, AXFEXRMMIPRZHITE.

XHFBAARER, R BB A LU T =5

(1) Bk, RETVHFBEABBAEZE, BL1~2 BgEs, F2mBs—
B

(2) 5, REAFEEBASIERERT, KI5 HES SN B & Bkt b gtT
Wik

(3) W, AEVIRERMRAFYSBRTER L, RERA—RERHL, M
EA1, REES, E2EB—REIOTENRE. KhRERAMRREE,
R R 2R BIEVIFRLH (M) Rk, HHERMgE, Mk, M
ARERASHE, THEHTRPERLSEESRPT MRS HILBERM, B—Emr
B E FtHRRE T

BUERABRLHE R, ERBIFSFMRERNERLT, BIKTEHE MK
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AR,

AR H JASCO FT/IR-470 BULLAMAT WL 2 BT A R SR BEAT L b b7 . RS
BEREWRITT 241,
2.3.6 KRt

(B/RIOBEE AR —FBOCEHINE, B R o 5 W 2R T )5 st
HATHE. SIERRYSBESENERPRRETH, FHLREASCBEL. &
LR 25 B 5L RE SRR eP (R F R ST 5 B YE I o] . SR AR (LR Ao —F 2
HFR/MMIRE. ERARAZARE RERNEN AR F RN, ERE. ZRAHA
ZHRASEMARAOELST, KETFHRINZSEARD. SRFHZ[LEL—MRFR
JG, fEFREEE v DO TR E B, FI8 I BUEA IE 5 % Bk R AR T 0
Ko

AR LRI Zet WESHTIGEATRIZ T . RRKBRI IR Z AR BB,
RS HERBEARNBIEEAMNBRMNM S (BRESRER FhMkE. U
PRI BRI S EIe, AN S UBRMRE (RXER) RrH,
WARES i (RRERSH), NERAIAEFTUEHNEHEEREEER,
WEAFRER, sTLHEHARIKRRSAE, TURNASAHRE, THENEZ
SAMEE. HERREASARE—AMRBEHAMNNE, HHEB R — KA K
HENHE, EFHESEPBEESBNASKESERARENS RN KR
Bo —BRUMRAMLEWE R KR, FTURRIEHNES, IBLERRgEN—
No%, KAXERBARERSHLH T HZN AR ERBR 5 i th 2 H .
2.3.7 AR/ SRS (BET) 247

BET & =fi#%%K (Brunauer. Emmett Al Teller) M5 FM4E, BET LLREHM
WRIEFRR BET WAL, &SR UELR BET B hEMMBL, SRR MNZ i
G ERHESENE S TERMARER b, BFE40 BET H12, Bb T 5ok % m % i
Rl BB R, H I N T 0RL 2R R PR o SRR 7 RAR SR B (L 2R M B AL FE v
SR R TARURE, RKIESAERGRENRMNEYE, £—EREDT,
R R BRL (RS REESRR THNRA2F (R AR R HRER,
HxN—e R E R ERM . e % ER e, fFEER ks
Bok g R RER . T LFrBRANR I AU, T8RP, & RE
2 B 2 F BT RE EIA (BB N R AN SR B FL R R E R Z A

FREHE G IRBIER R A I 0R M, RABE R R . B L IX A
ERHRARBRIOBZAEZCHRER, SN MESEE: BRNERERLZ
ESHREOFHEE (R WESSTFRENY FRABRBREERERIE, 2hFES
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AN FEERRATEHERATKRE (V), BIAFAERSER T A SRR &
(Vm), #MBHA T, RAREFHATER T ERES FERRAHEER
(Am), EDER&BIESMHERER. HEARXWME-6)TF:

S=10"8V,N A/22400W(m%/g); (2-6)

Sg: BLHUFE S KRB (mYg);

Vo FHERE T RS TREMARME (mD);

An: AR TEREIHEBEHR (FHEANFTERME An=0.162 nm*);

W BMESER (g):

N:FIEEMES %% (6.02x10%),

RN LREHE, BRERMEHEREROEERARQ-7):

S¢=4.36V/W (m’/g) @2-7)

B LR ATE H, AR ERE R AR 8 v B RN 8. A
KA TW-004 E4 BFHERMH LRI B IVREWHETRIE. AEP LRI
RATHES TR R T:

() REFZEESR;

(2) REBIHERNLER;

(3) XIRERFATRE, BHEKAFHEANNT, —K—FLATAREAMER;

(4) BRHEENERNEER;

(5) HEAT LR THTRR Bt A B 303K,

2.3.8 RAh-m WA (UV) S

S oh-1] R R0 4> TR 200-800nm Y3 X A I G T FEAE 9 . X B4 F
RBOEE = TR R TR FRE LR FERTREKTE BRTEATFPHRT, &
RAEE-FEHREZF. B—RETAFT—ENEER, BT —EMkY. Xig
FHFEMHER Uk, #. GHEE) TIA— I MEEER A Mg, RART.)
X TR T SREH P RERE RN — M EEREN LT R — M ERER A A
%. Bk, B—KIHENNERK —EMEREN. AEFRS>FEHNEHIRE, A
St R R IE R . ORI BB R A TR X B AR 5 0 R
KA SRR N, TRTATFREOLE. FTHRIER e BT S B/R & M.

EHh-T] WIRBOEE B T RAYRHE. WEYRHEE. MHEERMNE. diE
R, SERENIEUAREMHXHERMTZ S, HEERE—-FHBITER,
BRAEB AR, RS RERNE, WELEY, BASEREY, FRf
SENBFWEEE, BAERE >2ml; FREAHK, TUBELRENEREE,
¥EARAKERER, BRUERE >02g HiF .
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3 ZHEMRMEHRERLT

3.1 R 3 1 700 B R - B e v
3.1.1 RiiniEHRI W

L \-—«-w Wu »,...,-_m

f\J LJLJU\.A,

2()

A 3.1 /AR F) PEG20000/TBT A R 1o fF 2] 4 — f A4k 49 XRD
Fig.3.1 XRD patterns of titania by addition of PEG20000 with different amounts
(a)8.5 (b)12.8 (©)16.0

B 3.2 A RE A ATRF PEG20000/TBT & R b 45 2] 6) — R4L4k 49 SEM
Fig.3.2 SEM patterns of titania by addition of PEG20000 with different amounts
(a)8.5 ®)12.8 (c)16.0

AR PL PEG20000 fEAREEHER], BT AR EKREEERIR RS 8K
T —EALERIEE I . 2> BIER 10g,15g,20g 1 PEG20000 #7525, BRJEXHEH BT T XRD
1 SEM 7. B 3.1 4% FEMH XRD Bl. WNEHRATLLE W, BiB2IMEE S haigiek
V&M —EAEK, WA SR REHNAE RN S AR, BHNARR
B PEG20000 *f H B G HIAF= A m

Bl 3.2 A& AMERK SEM Bl WEH T LS H, 173 21 S8 BN B ER T BTk,
{ERBEE PEG20000 B0, RARBEHE/DN, X[fERdT PEG20000 hEH#LEW,
FAERINIFE, Bl B RIAL BN 38K, 25 1) (L P AR K 7 783 BURL T SR A A
KRN, RRMR T 5%
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3.1.2 R

A SLEYEL 10g PEG20000 1E AR EFHEHER], IR T ARIEMKS TBT M A2 8K
e EAKI W . 2-HIB 2m] &K, 4mITBT; 4ml K, 8mITBT; 6ml /K, 12mITBT i
TR, BEXHEMFEITT XRD 1 SEM 4347. B 3.3 AEAFERH XRD B, AE Sy
PAEH, FiRAIMRES AT SN 8k , BAESORREHNFERR
it SRR EIPAY 1o B

GOA

. ” >
- . \
X it T AL TR SR L SN

.
.

LN U A W A

T - i T - T T

0 2 % 4 5% e 70

28N

B 3.3 R RAE AT E] 65 = F4Lsk 4G XRD
Fig.3.3 XRD patterns of titania by addition of PEG20000 with different material ration
(a)2mlH,0, 4mIiTBT  (b)4miH,0, 8miTBT (c)6miH,0, 12miTBT

B 3.4 5 %MD SEM B B T aT DL, 75 i~ SUL SR A SR IR BRFE UKL
HEEEMARKSE ZFAERAC L BB, R R TR, X ATHER B T
JREEES, KBETHOER, #ITHETEE, BRERERED.

A 3.4 FFEHB A2 6 = Rk SEM
Fig.3.4 SEM patterns of titania by addition of PEG20000 with different material ration
(a2mlH,0, 4mITBT  (b)4miH,O, 8mITBT (c)omlH;0, 12mIiTBT

3.1.3 BImEEBE R W

ASLBIET IAKE TBT M5EENF, Bt RAREEERATERRE LA
TBT, $i#f 2h JEIAK, RaHHETELE, BAMLRAEMIREEARK. B35H
FHARE XRD B, BB (2) FATLUEN, SMA TBT EMAK, #TELBEZENE
M —EAEL, TR (b) SEMAKEMA TBT, #TEAEZ G ERT M8k
B, LB ORIV I X — BBk BB B IR KR W
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A SEM X HTESRHAT T RAL. M 3.6()FEO)MX PRI LUEH, BRKHEE
U, REEMAKEMA TBT KRR LB, ATHER BT /5 A KB BUK#EA
R, BB TR BB,

28 /)

B 3.5 FF %B I LFE 6 R4 XRD
Fig.3.5 XRD patterns of titania by different experimental process
(a5 n TBT (b)&fn TBT
s WSaE..rop

B 3.6 FF %8B T 2432 8) —FAL4KH) SEM
Fig.3.6 SEM patterns of titania by different experimental process
(@25 TBT (b)J&m TBT

3.2 SR B IOV IR - e
3.2.1 BiRr
(1) TBT MAEHZ W

AT HZMAK TBT FEX Pl &M 8k 2w, BAFEHARLR A T
WA TBT W&, 2H%ET 4MAR TBT 4 2ml,5ml,8ml i —4&bEkESH, M SEM B
ATLLE H SRR R, BEE TBT BR8N, —ELAMRRARKEMm. SmA
% TBT % 2ml Bf, RBKPK lum 246, WE 3.7 (2) Fim, A THE—PHENEN
O, TR, WE 37 () Fin NEPRRLEHIERZA lum 4G, K
BAMAMEE, 5 SEM MHkMEERER EXN; LMAM TBT A Sml i, k2
KK L Tum 4, WE 3.7 () PR, FRERBTRES, WE 3.7 (D Fir, A



BR PR K BT R

B Al LAE SRR N 1.7um 4, BB HEE, 5 SEM Ml kmsE R
HA XN HAM TBT 24 8ml B, RZ KK 2.5um A4, WE 3.7 () fim, A
BERM T REST, MEFLEHEFERAEN 2.5um £4, WE 3.7 () iRz
SABAE, 5 SEM UL RINERER EXIN. BT ERRER M EREFE R b FHEEKIRER
i, RAEKER TBT #M%E, £RNEMHKKNEARRSAER K.

& 3.7 (a)  2mITBT %/ 45— AL4ke) SEM
Fig 3.7(a) SEM of titania by addition of 2ml TBT

» . -
/-.N
b L ) L
n -----------------
ﬁ 1]
% WY =4 = =~ =y = = =4 = = = R
=3 e
1 10 100 1000 1000
¥4% (nm)

B 3.7 (b) A 2mITBT #HF 6 —fdbskeg ez oA B
Fig 3.7(b) Size distribution of of titania by addition of 2ml TBT

2BKU #5008 Bem

B 3.7 (c) A= SmITBT #|4#F 45 —§M4k 4 SEM
Fig 3.7(c) SEM of titania by addition of Sm! TBT
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B 3.7 (d) Aw 5ml TBT #4349 —Efték g 42254 )
Fig 3.7(d) Size distribution of of titania by addition of 5ml TBT

& 3.7 (e) A= 8mITBT #|4#F45 — Atk 45 SEM
Fig 3.7(e) SEM of titania by addition of 8ml TBT

20 = = = =2 a = e = ® ®@ .- - - -
1 ' '

BELE (%)

o 10 ) 100
%4 (nm)
B 3.7 (f) 4w SmITBT #{F ) — Rk 2 04 B
Fig 3.7(f) Size distribution of titania by addition of 8ml TBT

(2) NaCl EHBMA BRI
Bl 3.8 B M IMAMKREE A 4x10™M i1 NaCl ¥l BT 61 & — S EKTMIR 1 SEM B K,

B HAT AR A 2100 R Ak R4S S RO BRTEA0RL, B2 U R4, MR KAIZE 1pm
kAR,
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A 3.8 —fbskoke) SEM
Fig.3.8 SEM of the titania microspheres

AT EBZMAR AR BT BT H &M Sk, BOEHRLREST
BERMAFACHERNE, 2 HER T AMARELBAEEBA 0.4ml, 0.8ml, 1.2ml bt =4
WEKTESR. BT AR B AN BRFE BhL, BB S IMABRm, —8k
ERITRLRAEIR DN . ZIMARISALREEA 0.4ml BY, BIBK/PNA 1.7um £4, WK 3.9

(a) iR, ATH—PHERENSE, WMTHEMT, WE 3.9 (b) Bz, NEFTT
AR HIFHREN 1.7um 24, WS ILERE, 5 SEM Huli ki Rak
SR HIMAREAEERER 0.8ml BF, RBRANNA 0.7um A4, WHE 3.9 () B,
AT H— SRS, BTRES, WE 3.9 (D) Fim, NEFTUEHETEY
RLZN 0.7um 24, RARMHHXTHEE, 5 SEM MHRMERELR EXN; LA
RSB 1.2ml i, RBRA/DKR 0.3um 74, W 3.9 (o) Fim, ATH—IHiE
KRR, T REST, WE 3.9 (O B, ANBPTLE B FHRAER 0.3um £
A, RN ENLLRAE, 5 SEM BHRME RER EXMN. BB LR RKER,
AR B TREE AN EREMm, LAKEERN, FAEF THETBERKRE,
B LURLAZ B R AR/ o

B 3.9 (a) A2 0.4ml ) NaCl 5% #1369 — ALk ey SEM
Fig3.9(a) SEM of titania by addition of 0.4ml NaCl
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B 3.9 (b) AwA 0.4ml NaCl & #1764 — fak 1129 A B
Fig3.9(b) Size distribution of titania by addition of 0.4ml NaCl

28k 5. 088, Sy

B 3.9 (¢) A 0.8ml &) NaCl & 411765 — R A4k 45 SEM
Fig3.9(c) SEM of titania by addition of 0.8 ml NaCl

§S = - = = =
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B 3.9 (d) A 0.8ml NaCl & #1457 89 — RALER e 412 0 A B)
Fig3.9(d) Size distribution of titania by addition of 0.8 ml NaCl

L i ()

B 3.9 (e) A 1.2ml # NaCl J5 % 41438 — E L4kt SEM
Fig3.9(e) SEM of titania by addition of 1.2 ml NaCl
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B 3.9 (f) A 1.2ml #) NaCl B 5143 45 — Rk 929 4 B
Fig3.9(f) Size distribution of titania by addition of 1.2 ml NaCl

(3) AR H W
WAHFERER, REAHT AR TBT 5 NaCl EH K5 E T . MEFRIEL

FHEMA NaCl %385 A TBT BB 2K BRI KN 0.7um Z£4, 0 3.10 (a) (b)
Fi7R: S TBT ##J5 I NaCl S8 21K BRI R A 0.3um Z£4, 10E 3.10 (c)
(d) Fimm.

A 3.10 (a) %A NaCl & #4369 = itk sy SEM
Fig 3.10(a) SEM of titania by addition of NaCl first

1]

W

BEROE (%)

B 3.10 (b) AN NaClERMERENHE
Fig3.(b) Size distribution of titania by addition of NaCl first
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B 3.10 (¢c) & TBT EAHF 4 — a4tk SEM
Fig 3.10(c) SEM of titania by addition of TBT first
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BRI (%)

(=]

" o0 0o w0
¥4 (nm)

B 3.10 (d) SAeA TBT R HF 6 — RG22 5 B
Fig3.(d) Size distribution of titania by addition of TBT first

@) FRIBFRFERL

B 3.11 B A 4x10™*M AR R Eh i T B 4 A B BRI R A
LETIR A FIMA 4x10*M 9 KC1 #1 NaCl Wi, MLk a M b aTAEH, Bl
£ R RR AT, AR 3% 600nm 1 1000nm. 77 2655
WAH A 4x10*M ) LiCl 33T, Bl M Sk HERITRL B M A T RE S, T3
Fif2%9 % 1600nm (WML ¢ BiR). XATEER BT A M A AR B 7R, B
BUEMNBAK, BHEFEZR, X TARKNHEET, MEMRSTFEENEM, BTE
FE/N, HARKW LR, WEERERIAD.
(5) PREEWRERIZ W

B 3.12 FiR A MAARFIREE KCl R Bribl & i Z 2L BERRL R 0 B, 2440
b B 8x107*M A 4x10™M 4 KC1#8T, MLk a F1b TTLAEH, BroI&m
TiO, TAER IR AR 23 7 Yo R, A2 40 4 450nm F 600nm; {H2 450 B FMAK
J& 55 2x10™M f9 KCl 38, BTl & I — SR IR R B i T B 38, BSR4
J31500nm  (HIEALE ¢ BiR). HIEMHN MR RIS BARE, BB AR R I BER
SRS, BB R . WRER P MAKRERM BB, BTETRK
B, KENSFENT BEN, BT BETHREFRERLEEL T HERS
A, W mERIE A EAER, WD T mEHFIER, RUTBOEX, FRHEX.
FIEY, BFEFRERIEM, AT BB BRA, [ERORIZ B b F s,
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BRI RN R ER 5, RUTKHLEREM T . ERKEAKIE, RUASHR
BT, KHRERMTETRAT K, FEBEALBRAREKRER ALK,
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B 3.11 REVA K S d 4 &0 — BAARBUR A 2 A
Fig.3.11 Size distribution of titania microspheres synthesized by
addition of different salts : (a) KCI (b)NaCl (¢) LiCl
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B3.12F FREKCIE & 41469 — BAsk Mk e 2 0 A B
Fig.3.12 Size distribution of titania microspheres synthesized by addition of
different concentrations KCI :  (a) 2x10°M (b)Y 4x10°M (c) 8x10°*M

3.2.2 R RBERTE BN

TBT #l& —E A WK BRBERFE MR, HdBRANERNTBERERUT:

HKf#: Ti(OCqHo)s+4H,0—-Ti(OH)4+4C4HyOH

45 %: 2Ti(OH)—2TiO+4H,0

W 3.13 iRl TBT MAZIRPLEA BT E SR AR, hTRT B
FEERSL2, FUREERERENIT AR, B2 EBIRERNSSHRE,
WIS BN R RS ESEE KR, HRT KA 5-20nm 4 WV EAEKBAAR T . BE
FIEBMA, 5B F A R BT R TER T, FREYIH SRR ih
T, MBIV NERTSMEEER, H—IKATFRE EBH30RE Rk
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RERBYRARENHL, WXRE—RTZREEAR, FRKE AR IRR
TREAEMRI, BT REN _EKRBER.

Supersaturated solution
! Nucleation and growth
;o Primary particles
! Aggregation
e®
] Secondary particles

B3.13 —fAABRET BAAE T EH
Fig.3.13 Formation of microspheric titania
3.2.3 ot
B 3.14 R ZEAEM AR AT 2, M DSC #izk LATUEH, 75 100CHB—4
AR, XRETKNEKZEMBEMERRE, TG thdk LTAMRBIRERE
B%, ZEERERKRKIE 20%; 78 480°C X HB— Mg, NN TEENR To, 4%
AREGKT, 5 XRD BB M.

100

4

TG

£
DSC(mw/mg)

g
S DSC

. . \ , 2
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A3.14 —SMAGRELRSMEE
Fig.3.14 Thermoanalysis of the titania particles

3.2.4 XRD 747
(1) BREERELIZW

BekE A SO0CHEATEERAL TR, W 3.15b Fizm, 5 R B M FE S XRD #H1THE,
W 3.152 fizs, RIVEH BN G2TRTE EA N MR LB A8
KT —E AR R R B AREKTE S00C B2 KA T MR, 5RATERME—F,
HAMEBABKY , PFEEMILAZ%, F Scherrer AR H I FH R R TR
12.5nm 4 .
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B3.15 P #AAL 2 #4149 — SR XRDE %
Fig.3.15 XRD patterns of the titania particles by different heat treatment
(a) without calcined (b) calcined 500°C

Q) BEEEREW

¥ P23 AIZE 200°C, 300°C, 400°C, 500°C, 600 CHRBIEEA/I, BBIMFET &R
RN 3.16 . A 3.16 (a) FR[EUE HHFE 200 CHESEF AN/, BRI AT E
FeAs: SREBERET 300C, WE 3.16 (b) FTLLE HFTE KRS BT R -84k
B BEERBBEEE R 400C, MK 3.16 (¢) TTUFEHBLAE LA AR —EIE,
WA THOEE, FRERyREUAREENES, GEETES, AXMEE
BT MENSLAR AN PHREREREZR 500C, ARSI R.
SARRHZEMEHE, BE 3.16 (c) HH, E3.16 (d) FRHELFARI S
B%, ik REERMSLAR ZEMHKC R 5 T 4L T 3.16 () £7E 600°C
BRI EE, A RTDLE i i R B A 7E S00°CHBLEIRIE K.

B3.16 REURBEEE T #1436 = B4 XRD
Fig3.16 XRD of the titania particles by different calcined temperature
(2)200°C (b)300°C (c)400°C (d)500°C (€)600°C

(3) BBERtiEl
FERE M TE 400°CHBES 1h,2h,3h, B2 HIAE S AT R 3.17 Fis. MEIHRTTLLEH,
BEEB R R AT, SRR R AT .
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E3.17 RRIRBER ] T 4147 69 — ALK HXRD
Fig3.17 XRD of the titania particles by different calcined time
(@1h (b)2h (c)3h

3.2.5 4AM AT

KH &N SRR AR THREESLONE, EETREMLILE, WE 3.18 B
N, a BZ A RS A E K SRS, b g H ST BRI —EARH
AR REMBHEAER I = E AR TZE 3300cm™ BHE HBLGRMG W, %5F OH
PR IRENTRA, RRHKIRN, S8 GBI KESEK: 7 660cm™ &£
Ti-O-Ti MG IREIB IS 1402 e HHE#EH X IR IF)E T TiO, Rifl LMY CO %4
BT T 1B B G X R K55 . 1604em MHE 4 X IR B T Ti' 5 OH W RIER,
LIAT T BRI E AR, BHT R LEEREM O, #Ex
RLIERRSS T o

Transnuttance(%)
S g S -
T

02fF 1402
oif ® 1604 660

. . 2 " " .
4000 3500 3000 2500 2000 1500 1000 500

Wavenumbertem™)

A3.18 —fduskedLrst AHE
Fig.3.18Infrared absorption spectrum of titania particles
(a) without calcined  (b) calcined at 500°C

3.2.6 5] WA

Bl 3.19 J S K THIERTE R IR PR B A0 3/ Fr R S mT WL i, 4 fbk T
BREEAN USSR AR K <400nm XS HRBMRE, B S00CHELLHEE
ZEABK IR R MCRE R IR A 1.65 4, X AMRMON N T4 R ALK AT
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B RBE(3.2eV), 7F 300 CHREEAC S — E AL ER IR I SR B AR TR IR b K,
RPE LR A R B T SR BOERE 2251, 5REERACH N — AR
BRALE, 7E 300°CHI 500 st B G —EMARBERMBKRAT 100m £HKER, BT
B ZEALEKHERTE 400~500nm B H B BB

164 ©

0 - T T T
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B3.19 —fAtskey ¥ btk E
Fig.3.19 UV absorption spectra of titania particles
(a) calcined at 300C  (b) without calcined (c) calcined at 500°C

36



A= FACR B & 5 RAE

4 NZFHKE SR
4.1 LR

¥—E &M PEG WA/ 100ml TKZEEP, MABiH—BAE, BmHmkEd
0.lmolVL MIEMMEH, REHHEZHRRENS, BEERN—EENKARTERE
P aEERYIEIESE, BETHE 10h, 200 BEEOCCEST TR 24h B3 A
WK, BIGEE S00°CHE 2h BEEES .

4.2 SEM 43 ¥r

B 4.1 R F £-F & #9PEGH 2] ) — ALK SEMA
Fig.4.1 SEM images of titania by addition of PEG with various molecular weight
(a)PEG-1000 (b)PEG-2000 (c)PEG-4000 (d)PEG-20000

E4.15r 54 H T IMAR—RFIAR RS FEMPEGH B EI I — S ASEME. MNE
4.1 AEH, MAPEG100057/ R FBRIESURA N, K HiiFE REREHM
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Fig.4.2 wide-angle and low-angle(inset)XRD patterns of titania
(a) PEG-20000 (b)PEG-4000 (c)PEG-2000 (d)PEG-1000
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Fig.4.3 TEM image of mesoporous titania by addition of PEG20000
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Fig.4.4 HRTEM image(a) and SAED pattern ofmesoporous titania
by addition of PEG20000(b)
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