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B OE: FRTHKTO: R FHRLAEIBHRRAER, SREYW . KT 823K SLH4F &K
MRKHBE /D, 823K BHETREMKKERBGEMN. HET RN ERIANEFEH
KFFER, BRERKFLES TFAKRRTHHEERENERESRBXMERREZALRR, BT
823K Bt 34 (201.55+5.62)kJ/mol , {&F 823K Ht ¥ (38.67+6.37)kJ/mol ; &4T A Gk 4 K 1T
EZRHAHE, BREKELGEH (108.72+5.06)k] /mol.
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Table 1 Parameters for pre-heatreatment of primary TiO; particles

Conditions of pre-heatment Tempreture 623K
Duration 2h

Crystal type of the pre-heatreated samples Anatase

Average size of the pre-heatreated samples 6.5nm

B 1 TEM SR &Y &k A
Fig. 1 TEM photographs of TiO; particles obtained after calcination for 3h
(a) 673K; (b) 773K
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Fig. 2 Comparison of TiO; grain sizes ob-
served from TEM and X-ray broadening

Fig. 3 Growth of anatase crystallites with

time at different heating temperatures
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B 1% 673K 5 773K #1438 3h S BB 4ORER A TEM B v, Ml IRE# 49K
AN EEERYIMERE. TEMUMNHTHRES XHERELENECHHEAY kel
ASBRPMEBRA 2, TILA X HLE A ERE A B A4 B TS &R R AR BT it
BT TEM Wil fr B Bk b 20984k, BI X B4R S8 4b W i 58 & &b RH of A SR o st R AE
kR R TR T BS.

3 ZRFTR

3.1 T RUERIHF
3.1.1 S8y RNERIH

HAHT R, LA RIRB TiO, WIRK T 7E 623K iR B T B0 3 2h T LU R B 7K 71
HOY R4S, XRD 4R, WHHERNIREY, RAFHEBEN 5.5~8.0nm. &
SEMEESRT, BRABKK, mME 3 PrRE A RGBT HE 3 w6 #5188k
PR RENEAEL TASEXSENWH, EREKER, REMKERZHNT
PEs ERTAT, MERLEBEMNES HREVHEBRRAWEREEHK

EhEH, T 823K Bk BRMKKERE/D, 82K EHUTEMNNRKRAEERE
Em RPREMTRAARERWEWENEE, BERN, GEREER, ERRKHY
BET, S EKERE.
3.1.2 ey RUERFELAE

BESKT BB EREY BERNERYE, KBEZRT T EXHEKT R TaK
P e S QU

D} —D3g=ka-t° (1)

Dao IMERKER, Da At HABRET KENER, ¢ HREK KX T & i
BB, H Arrhenius A, RRKKEREWE ks ATLUREN

ka = kao-exp(~Es/RT) : (2
Hekao HEE, Ed B ERKKEWRELE RN (DR
D} — D}, = kaot®exp(~Ex/RT) (3)
TBRMEHEMN, HF D3y << D}, X Q) AFHBMEATHRE K -
5lnDy = Inkso + ¢lnt — Ez/RT (4)

BREX G, AFRBETHFREJGEMIRER, # 5nDy X 10°0/TEEH 4, AT
FHRATHHERKERERIELE Es. BHATR, TEARETHEBRSAFAERKMEX
R. SRR, T SKBIREXE, KB BBK HHFULSHFHANF4, 8K fiLR &
TRFE, 823K LUGRMBNR, MBERETHXE S HFELRERR, HWHRKD &
B R FEWELERBEEXE, KB 828K ¥R AUN HEATS, &R KHKE
XA LA B AT R E T, UH BB EX &R A KR WE LA E 9. X T 823K w5 BLE
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T EAHEWEKERESFETRERE, FRRTER2 RPHERS: T <823K, %
W5 Ak e FAa=(38.67+6.37)kJ/mol ; T >823K, FIMiFILAE Ey = (201.5545.62)kJ/mol.

FlEGRMAERGELETCHNRENZEFEFERY, B TELAHERERTHMER
o E AR (AEP ~5kI/mol)®, B AR 28 BB &R A K 9 3R R 75 1k BE B9 B R 1% R~ T B
B B, 2OAHERNEINBEEHEIERINEEY, SRV ENPRENS
AAMYER, FFEFRIGERT B LR, NATRERKY MBI,
SEHEWAERKGLEAE M.

M XRD 447 vf A, BLekp R AKGEHENKNEBERX B EFRERT RSO AHE
FEMNREXE, SAAHOERTTEMEAT SN ERYFEABTETERERWE N, H
BHEANY OO BT HEAAHHEREARERE REMGHNTEKTZRMN, &£
WMERA S BRERUBLIMEWEREK, REHRHELERTAXE M. & F 823K
PatEet, HAREHREREN ATSBHEY SENRWEKEILESRHX.

R2 AUT ROV EKFLE

Table 2 Apparent activiation energies for the growth of anatase grains

Ea/kJ-mol™!

t/min

<823K >823K
120 38.95+5.80 205.93+5.98
180 38.30+6.05 201.8626.65
240 42.50+£8.36 197.60+4.16
360 37.65+5.82 200.03+5.07
480 36.28+5.82 202.284+3.75
20? 2
19 4 194 /
18 = 184 /
3 € a 723K
£ 174 £ '71 o 773K
Q 2 5 s 823K
E 164 £ v 848K
w0 154 o 893k
151 v 923k
14 4 14
13 F—r————— ——— y 3 - T T =
105 110 115 120 125 130 135 140 145 45 50 55 60 6.5 70
10 T K In{t /min}
B 4 5lnDa Xt 1000/T &5 & @ § SlaDs & lnt XK

Fig. 4 Plots for calculation of the activiation Fig. 5 Plots for calculation of the anatase

encrgies for anatase growth grain growth rate constant

RAXHEEREA -TSEHRKT RERWEREMREEAMHEERRE: KEN, S
MDD, KREAA XREEHRE, HORTFRBAETFAITE RBRE, AKHENM
SR, FERNEHRERSBENTESRETY BAER, ERELBEK HEBREHN
£, BRERERA, HREHARE /D, REEERME ANSBEFETTE StER
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A, BEBETEE BMEEKAERRNE DA SN, SBEWEKELEDEHM.
3.1.3 ST RNEREEEH
W (4) T, ESEMLER, 5Dy 5int ELWXER, NZENXRTLTEAE
KEZBEM by R ERXFRIEt (9% B 52 723~923K FRM LB LR R
ME SRR, TRAERFHERELE, TTRER @) FHUTENERKERTFTE
Xt F o] ¢ B RERY T ¢ = 1.1520.087. REABRE THERERER by K 3 Fin.
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Table 3 Kinetic rate constants of the growth of anatase grains

T/K ka/nm® min~1?3 ¢

723 6.636x103 1.2530.08
773 8.722x103 1.1540.12
823 1.803x104 1.03£0.06
848 4.139x104 1.1740.09
873 9.102x 104 1.1620.07
893 1.648x 104 1.1840.09
923 3.836x 104 1.1340.10

3.2 RIAENERMNFE
3.2.1 RUEMERRE
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Fig. 6 Variation of size of the rutile grains Fig. 7 Plots for calculation of the rate con-
with time at different calcination temperarures stant of rutile growth

SUARRNERNINEREERBAEERVEREAXY, XATREXEEALOA &
BBy A e g 112
D§ — Dig = kg - t7 (5)

AH Dro NELORBBWERE. Dr At WHASLASKHMER, Ik AEK
EEEE o AEERN. RAELBEN, SO4 - HAMEBEKRNARE, WHREH
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10~15nm. (5) A FHEIE, WFE:
In(DE — D},) = Inkg + ¢lnt (6)

ATHBEOARRERGEREE, W In(D} - Dfo) X Int fEE 7, AP alELIHR
Bt P »=1.030.086. LA BB AKT FRNHNEKERMR EHHEHRER. €4
ARHZYTHFERE LORTREK, B—MREMKHLIRE, XTES SO0 &80
BRARIEAX. SLARBERGEHNEMTERE O . SARMHEB R EER K
TREL ERUREGRAWER FHt, STARMNERKFIERBEIFHRESHD
BERT A TmHTH, HNGEREEA; An, E2ERNEIaRaTRETREY &
MARKK ERAIBHFEFERERNWEGUHE. LML RN EEEN, ST T
B/, HEgEf, RegEn), AREREL AN REEF AT RE EKEXFRMEH
TH. RAFIHTARBE T LR KRS LA &R A KE R W8 k.

x4 SUBRNERREEH

Table 4 Kinetic rate constants of rutile grain growth

T/K kr/nm?-min~!-%3 )

823 4.675 1.03+0.08
848 7.602 1.04£0.10
873 11.933 1.05+0.06
893 16.180 1.01+0.07
923 25.572 1.02+0.12

322 SUORNNHFERERETLEE
FAARMPRREREUEIRT A AEKTERIESNGE. 823~023K HWRE T,

SAARNABRKE HEKEBATHHKT. AUBRHEBMGCEREMNELITUTERNR

ERELE. TRERKRA, —EMEIZE, Di >> Dy, M (6) RAIER:

o P~ 2InDg = Inkg + ¢lnt (7
: ggg::: % Arrhenius AR, kr = kro-exp(—Er/RT)

£ 9 » v 480min KA, WH:
g . AnDyp = Inkpg + plnt — Ex/RT  (8)
)] At Er AgdampERELREE. MTFHE
. r . —‘BEH‘ETJ, (plnt %]ﬁ-&r ﬁ%@% kRO t@ﬁ
105 110 :11j . 120 1.28 #ﬁ, lenDR XT ]./T E‘J%%ﬂﬁiﬁﬁﬁ
T BAHEKMELEE. 88 87 2nDr 5 105/T
B 8 4R HEMFIMERELENENS ERAMPHREXR NP EBELAHK
Fig. 8 Plots for calculation of apparent ac- KAMEMELR Er 7 FF5, FHEY

tiviation energies for rutile grain growth Eg = (108.72+5.06)kJ /mol.
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x5 RUGENFERERELEE

Table 5 Apparent activiation energies for rutile grain growth

t/min 240 300 360 480
Egr/kJ-mol™! 108.08+8.32 106.83+3.50 110.58+3.08 109.3+3.16

MNERBER ARSI AETRFTR, SRTAEAKEUFEERTTEMSLAEK
FETRFTTE, ARBMEEN TIO, REMNAERUFFERBENER. TUNRMHRARE
ARBEEEHERELRITIFHES: SRV ERRNEE TRHAKERE /)N, 4\
EEgEn, AKkERREHK, SBAFETTE HAEKIBERET BEHERIH,
REG&TVNBHEBEARRERKK, BHENEECAMEEEECEE, BT AL
RERBEEMER T T ERBEEHRERKFGHELE, TSI ALKV EREEXENEE
XM, TEEZRARNERAKERVRBRTFHRET, MIZNESTSLARUEFEEKD
B X B A A 00, SETRYHEST BRSERIE, KW A K E R 8
BAMMELR, REERBEN KT FRBEATREKFINEIRMBELE.

4 4

IR T K TiO, A BIBRPHAT NSO AR ERK A%, BITTHXRR 3 H
HERERECENERKERMENR. XRERBTHEATNELAFHFHSR AT WA KIF
HLESAABE THEKRNNLEREY. ARSI PRETUENSEAD 524008
ERVIBTEFEHENER.

1) BLEkT SRR R K EGE Y BUEKALE, FEERFT DN EFB, BRE K ELEHRTH
oK RO 1A B RN B 8 me) 78 8 iR X AN (R iR X B B R W], &5 F 823K Btk (201.55+5.62)kJ /mol ,
£ T 823K Bf Ay (38.67+6.37)kJ/mol , FXLIEAEAYAE{b BB T 44 2K R ~F 20 B A 28 X & s
KRR .

) EAABRMERTRZIICUTESOA AT RHOER, FKIHAZHFE R
HHEB, RMAEKEMLESN (108.72+5.06) ki /mol.
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Kinetic Study on the Growth of Titania Nanocrystallites

LIU He-Zhou, HU Wen-Bin, GU Ming-Yuan, WU Ren-Jie
(State Key Lab. of MMCs, Shanghai Jiao Tong University, Shanghai 200030, China)

Abstract: Kinetic study was conducted by X-ray broadening and TEM characterization on the
growth of anatase and rutile nanocrystallits in TiO, nanoparticles during isothermic heating at
different tempretures. Results indicate that the growth of the heat-treated titania nanocrystallites
becomes significant as the temperature increases to higher than 823K, where anatase growth con-
forms to the fifth order kinetic equation with exponent 1.15 for time ¢, its apparent activity energy
correlated is (38.67£6.37)kJ/mol at the temperatures lower than 823K, and (201.55+5.62)kJ/mol
at the higher temperatures, owing to the effects of nanometer scale and phase-transformation.
The rutile growth closely fits the second order kinetic equation with exponent 1.03 for time ¢, its

apparent activity energy calculated is (108.72+5.06)kJ/mol from Arrhenius plots.

Key words titania nanocrystallites; heat-treatment; kinetics; anatase; rutile; apparent activity

energy



