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Khao sat anh hirong cua gua trinh soc nhiet
dén hoat tinh quang xiic tac cia Ti0, P25

LE TIEN KHOA, NGUYEN HUU KHANH HUNG, HUYNH THI KIEU XUAN
Trudng Pai hoc Khoa hoc Tu nhién, Pai hoc Quéc gia TP H6 Chi Minh
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Trong nghién cifu nay, cac tac gia da tién hanh bién tinh xic tac quang hoa T|0 P25 héng
phuong phap soc nhiét ¢ nhiéu nhlet dd khac nhau nhdm nghién ciiu anh hubng cua qua trinh
sc nhiét dén cau tric tinh thé, tinh chat bé mit va hoat tinh quang xtic tac clia Tio, P25.
Cau tric tinh thé, hinh thai va thanh phan bé mat cia cac mau xuc tac sdc nhiét dum: khao
sat 1an lwgt bang nhiéu xa tia X (XRD), phuang phap chup kinh hién vi dién ti quel (SEM) va
phd quang dién ti tia X (XPS). Hoat tinh quang xuc tac dugc danh gia thong qua phan lrng xic
tac phan huy methylene xanh dudi anh sang kha kién va tif ngoai. Két qua cho thay qua trinh
sdc nhiét ¢ 500°C khdng lam thay ddi cau tric pha, kich thudc hat nhung da lam gia tang cac
16 khuyét 0xy trén bé mat xic tac, co kha ndng thic day phan ing phéan huy methylene xanh
dudi anh sang ti ngoai. Trong khi d6, soc nhiét ty 700°C trg 1&n da thic ddy qué trinh chuyén
pha anatase sang rutile, tir dé nang cao hoat tinh quang xiic tac dudi biic xa kha kién.

Tir khéa: Ti0,, sdc nhigt, khd nang hap phu, tinh chat bé mat, hoat tinh quang xic tac.

STUDY ON THE EFFECTS OF THERMAL SHOCK METHOD
ON PHOTOCATALYTIC ACTIVITY OF TIO, P25

Summary

In this study, we have modified Ti0, P25 photocatalyst by thermal
shock method at different temperatures in order to study the effects of
thermal shock process on the crystal structure, surface properties and

photocatalytic activity of Ti0, P25. The crystal structure, morphology
and surface composition were respectively investigated by X ray
diffraction (XRD), scanning electronic microscopy (SEM) and X ray
photoelectron spectroscopy (XPS). The photocatalytic activity was
evaluated via the degradation of methylene blue under UV and visible
light irradiation. The results show that the thermal shock at 500°C

did not modify the crystal structure, the particle size but increased

the oxygen vacancies on the catalyst surface, which can improve the
photocatalysis under both UV and visible light. On the other hand, the
thermal shock from 700°C promoted the phase transition from anatase
to rutile and improved photocatalytic activity under visible irradiation.

Key words: Ti0,, thermal shock, adsorption behavior, surface
properties, photocatalytic activity
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1. Gioi thieu

Trong nhiing nam gan day, xuc tac
quang hoéa di thé dya trén nén tang
cac hgp chat ban dan da dudc ddy
manh nghién ctu Ging dung trong rat
nhiéu linh vuc, trong d6 noi bat nhat
la linh vuc x{ ly moi trudng, phan hay
chét thai doc hai. Gilta cac hgp chat
ban dan khac nhau, TiO, la vat liéu
xuc tac quang héa phé b|en nhat nho
vao hoat tinh quang hoa xuc tac cao,
gia thanh th&p, bén héa hoc va than
thién vGi moi truong [1]. Tuy nhién,
hoat tinh cta TiO, van con tudng dai
thap déi véi cac u’ng dung thuc tién
trén quy md I6n do qua trinh tai két
hgp electron va 16 tréng quang sinh
dién ra song song véi qua trinh kich
thich electron. Bén canh dé, do vung
band gap rong (E_ = 3,0-3,2 eV), xuc
tac - quang hoa nay chi hoat dong hiéu
qué dudi blc xa ti ngoai (UV) [2],
trong khi tia UV chi chiém mot phan



nhd (3-5%) trong nang lugng mat trdi, di€u nay lam han
ché rat nhiéu céc ting dung danh cho TiO,.

Chinh vi vay, da c6 rat nhiéu nghién ciiu dugc trién
khai nham lam tang hoat tinh ctia TiO, dudi buic xa UV
hoac md rong vung hoat déng cla xuc tac qua vlng
kha kién [3, 4, 5]. TiO, d& dudgc bién tinh bang rat nhiéu
phuong phap khac nhau, tu viéc phl cac kim loai quy
nhu Pt [6], Ag, Au [7] [én trén bé mat TiO, dén viéc pha
tap héa cau tric TiO, bang cac tac nhan anion nhu N
[8, 9], C[10], S [11]. Gan day, chung t6i da tién hanh
fluor hoa thanh céng TiO, bang phuang phap séc nhiét,
mot phudng phap don glan dé dang thyc hién trong
diéu kién cac phong thi nghiém & Viét Nam [12]. Mac
du TiO, fluor héa da dugc tién hanh bdi nhiéu nghién
cuu tru’dc do, cho thay fluor khi ton tai trén bé mat hoic
tham nhap vao ciu tric cla TiO, chi lam tang hoat tinh
xuc tac dudi buc xa UV, xuc téc cla chung to6i sau khi
fluor héa béng phuang phap séc nhiét khéng chi thé
hién mot hoat tinh vugt trdi trong buc xa UV ma con
ca trong buic xa kha kién khi so véi xuc tac khong bién
tinh. Diéu nay cho thdy phuong phap s6c nhiét cé6 mot
vai trd quan trong anh hudng dén co ché hoat dong ciia
oxit nay.

Tuy nhién, vai tro va muc dé &nh hudng clia qua
trinh soc nhiét riéng I& d&n hoat tinh quang hoa xuc tac
clia TiO, van chua dudc lam rd. Vi vay, trong nghlen
culu nay, chung t6i tién hanh khao sat anh huéng cla
qua trinh sdc¢ nhiét riéng 1& & nhiéu nhiét do khac nhau
lén c4u truc tinh thé, kich thudc hat va thanh phan bé
maét cla TiO,, tu d6 danh gia hoat tinh xuc tac quang
hoa cla cac mau diéu ché lan lugt dudi hai nguén buic
xa, UV va kha kién.

2. Thire nghiém
2.1. Diéu ché xuc tac

TiO, P25 (Evonik Aeroxide), mot hén hop gitia hai
pha anatase va rutile véi kich thudc hat trong khodng
20-50 nm, von dugc xem la xuc tac quang héa thuang
mai c6 hoat tinh t6t nhat, dugc ching t6i st dung trong
toan bd nghién cuu soc nhiét nay. TiO, P25 dugc rla
bang nudc cat va sdy 6 150°C trong 1 gld Sau dé cac
mau nay dugc cho vao chén nung béng nhém oxit dé
ti€n hanh s6c nhiét trong 16 nung dién t& & 1an lugt cac
nhiét dé khac nhau: 500°C, 700°C, 950°C trong vong 5
phat. Sau khi s8¢ nhiét, mau sé dugc nghién min dé thu
dudc s&n pham cudi cung, ky hiéu 1a PTO-X, véi X la
nhiét do s6c¢ nhiét (X = 500, 700 va 950).

2.2. Kho sét c4u trdc, hinh thai, bé mat

Gian db nhiéu xa tia X clia cac mau xuc tac dugc
do trén may nhleu xa SIEMENS D5000 sU dung tia Cu
Ko (A = 1,5406 A) nham khao sat cdu trdc tinh thé va
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thanh phan pha. Thé gia téc va cudng dé dong st dung
lan lugt 1a 40 kV va 20 mA. D{i liéu dugc thu thap tir 20°
dén 80° (20) vdi budc nhay 1a 0,03° va thdi gian nhay
la 0,8 s. Hinh dang va kich thudc hat dugc quan sat
bang phudng phap hién vi dién ti quét (SEM) trén may
Hitachi S-4800 hoat dong 6 10-° A va 30 keV.

Thanh phan bé mat va méi trudng hoa hoc cla cac
nguyén t trén bé mat cac mau xdc tac dugce phan tich
bang phé quang dién tii tia X (XPS) do trén may Thermo
K-alpha st dung tia Al Ko. don sé&c (1486,6 eV) 6 75 W
dudi ap suat 1 x 107 mBar. Dién tich khu vuc phan tich
la 200 um2. Dién tich bé mat sinh ra trong qua trinh
phan tich dugc gidm thiéu t6i da b&ng mat thiét bi phun
electron va ion Art nang lugng thdp 1én trén bé mat
mau. Phé sau khi thu dudc sé dudc hiéu chinh sao cho
peak Uing véi carbon tap chat trén bé mit C 1s ludn co
nang lugng lién két 285,0 eV. Hinh dang cac peak phd
dudc x{ ly bang cach st dung dudng nén khang tuyén
tinh dang Shirley [13]. Thanh phan bé mat dugc dinh
lugng dua trén cac thong s6 nhay cadm Scofield [14].

2.3. Khao sat hdp phu va hoat tinh quang hoéa xtc
tac

Hoat tinh quang hoa xuc tac ctia TiO, P25 va céc
mau sdc nhiét dudc danh gia thong qua phan tng phan
hGy methylene xanh (MB) dugi biic xa UV va kha kién.
Trudc khi phan (ing, xuc tac dugc cho vao becher thly
tinh chia 250 ml dung dich MB 10° mol/l (ham lugng
xuc tac 0,5 g/l dung dich). Becher dugc dat trong hé
diéu nhiét (30°C) va dudc khudy trdn lién tuc bang may
khudy tir trong bong t6i cho dén khi dat dugc can bang
h&p phu gitia MB va xtc tac. Nong dd MB sau can bang
h&p phu dugc xac dinh bang phudng phap so mau trén
may SP-300 Optima & budc séng 684 nm. Sau dd, toan
bd hé dugc chiéu sang bang bong dén UV 8 W (350
nm) hodc kha kién 8 W (420 nm) dé phan (ing quang
héa xuc tac phan hiy MB dién ra. Trong qué trinh phan
ting, pH clia dung dich ¢6 dinh & pH 7. Su thay déi néng
dd dung dich MB dudc theo dbi bang phuong phap so
mau trén may SP-300 Optima.

3. Két qua va bién luan
3.1. C4u tric tinh thé va hinh théi

Cau trdc tinh thé va thanh phan pha cla TiO, P25
va cac mau diéu ché bdng phuong phap séc nh|et 4]
cac nhiét dd khac nhau dugc khao sat bang ky thuat
nhiéu xa tia X (gian d6 nhiéu xa tia X khong trinh bay
& day). Hiéu chinh Rietveld dudc ti€n hanh trén phan
mém Fullprof 2009 [15]. Thong s6 mang va thanh phan
pha clia cac mau dugc tom tat trong bang 1. Mau TiO,
P25 bao gém 2 pha tinh thé anatase (nhém khéng glan
14 /amd, JCPDS No. 21-1272) va rutile (nhém khong
gian P4,/mnm, JCPDS No. 21-1276), trong do6 anatase
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chiém 91,7%, rutile chiém 8,3%. Khi sd¢ nhiét 3 500°C,
ty 1& 2 pha tinh thé g&n nhu khéng thay déi, ciing nhu
khéng co su xudt hién pha méi. Do rong clia cac peak
trong mau PTO-500 ciing gén tuong tu véi mau P25,
cho thdy khéng cé sy thay déi kich thudc tinh thé.
Tuy nhién khi s6c nhiét § 700°C, ham lugng rutile bat
dau tang nhe (10,0%) trong khi anatase bt dau giam
(90,0%). Diéu nay phu hdp véi qué trinh chuyén pha tu
anatase sang rutile dién ra & khoéng 700°C [16]. Dén
khi s6¢c nhiét & 950°C, két qua XRD cho thay toan bo
pha anatase trong TiO, P25 ban dau da chuyen hoan
toan sang rutile. E)ucng nén phang thé hién do én dinh
cao trong tinh thé.

Bang 1: thanh phan pha va théng sé mang cua TiO, P25
va cdc mau bién tinh bdng phuong phap séc nh/et

Anatase Rutile

Méu Thanh phan
(%)

Thanh phén

(%) Thong s6 mang

Thong s6 mang

a=b=4595(1)A;
¢ =2,959(2

i 898+08 a=b=378642) A; 10,1403
TiO, P25 ¢ =9,5049(8) A '

)
Y 900415 a=b=37879(7) A; 100406 a=b=4596(1)A;
PTOS00 c=9510(2) A

A
)
c=2,959(1) A
a=b=4595(1)
c=2,958(1) A

a=b=237875(6) A;
¢ =9,506(1) A

PTO-700 8641 140405 A

a=b=45943(6) A;

- 10043
PTO-950 ¢ =2,9593(4) A

Hinh thai bé mat va vi cdu tric cla cac mau dugc
quan sat bang phuaong phap hién vi dién ti quét (SEM).
Hinh 1a trinh bay hinh thai bé mat clia mau TiO, P25,
bao gém cdc hat hinh cau tu hgp lai nhau, c6 kich thuac
trong khodng 20-50 nm. Hinh dang va kich thudc céc
hat nay khong bi thay di khi mau bi séc nhiét & 500°C
(hinh 1b) va ca § 700°C (hinh 1c¢). Chi khi mau dugc séc
nhiét & 950°C, kich thudc hat mdéi cé sy thay déi rd rét.
Hinh 1d cho thay cac hatTiO, c6 kich thudc 100-250 nm,
chiing té qué trinh chuyén pha tU anatase sang rutile &
nhiét d6 cao da lam gia tang kich thudc hat oxit.

Hinh 1: hinh kinh hién vi dién tir quét (SEM) ciia (a) TiO, P25,
(b) PTO-500, (c) PTO-700 va (d) PTO-950
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3.2. Phén tich thanh phan va céu tric bé mat

Thanh phan bé mat ciing nhu trang thai oxy hoa,
moi truéng hoa hoc clia cac nguyén t6 C, O, Ti trén bé
mé&t cac mau dugdc khao sat bing phé XPS. Két qua
dugc trinh bay trong bang 2. Hinh 2 1an lugt trinh bay
phd XPS Ti 2p va O 1s cua TiO, P25 va cac mau séc
nhiét.

Do hiéu Ung ghép spin-orbit, méi phd Ti 2p clia cac
mau sé bao gom hai thanh phan chinh Ti 2p,, (khoang
459,1 eV) va Ti 2p,, (khoang 464,9 eV). Nang Iuong
lién két clia cac peak nay dac trung cho trang thai cla
ion Ti* trong méi trudng oxygen bao quanh [17, 18, 19].
Bén canh hai thanh phan chinh, phé Ti 2p con chua 2
peak vé tinh Ian lugt c6 nang lugng lién két cao hon 13
eV so véi hai peak chinh. Nguén géc hai peak vé tinh
nay c6 1& bat ngudn tu sy kich thich electron ndm trong
van dao lai héa manh giia van dao kim loai d va van
dao oxygen p [20]. Khi TiO, P25 bi s6c nhiét & nhiét do
tang dan, nang lugng lién ket ung vai vi tri cac peak Ti
2p thay déi khong dang ké, chiing té qué trinh séc nhiét
khoéng anh hudng dén méi trudng hoa hoc cla ion Ti*,

Ti 2p 2 O1s
ey 0
OII :f t

PTO-950
PTO-700 /\

mm/\
PTO-500 BTO-500
— /\ ‘

480 475 470 465 460 534 530 528

Nang luong lién két (eV) Nang Iuc_mg lién két (eV)

Hinh 2: phé XPS Ti 2p va O 1s cla TiO, P25 va cdc méu bién tinh
béng phuong phdp séc nhiét (“sat” tuong Ung vdi cac peak vé tinh)

Tuong ty nhu. phé Ti 2p, ph6 O 1s ciing c6 thanh
phan gilia cac mau giéng nhau. Peak O 1s c6 dang bat
dsi xung, cé thé dugc chia thanh hai peak nho, trong
do peak chinh (O, dién tich I6n) nam & 530,4 eV, nang
ILIdng dac trung cho cac anion O* trong mang tinh thé
clia oxit. Peak phu (O”, c6 dién tich nhd han) ndm &
531,6 eV, tuong Ung vai cac nguyen ta oxy trong nhom
chuic hydroxyl gan trén bé mat clia cac mau [21].

Tuy nhién, cac tinh toan dinh lugng dua trén dién
tich cac peak (bang 2) cho thdy thanh phan cac nguyén



t trén bé mat TiO, co thay déi khi bat dau séc nhiét
tl 500°C trg Ién. Cu thé, déi v6i mau TiO, P25, ty 1é
dién tich peak O/Ti = 1,90. Ty 1& nho hon 2 (ty 1& hdp
thiic clia TiO,) nay cho thdy bé mét clia T|O% P25 cé
chtia nhiing 5 khuyét oxy. V&i mau PTO-500, ty 16 O/Ti
glam manh, chi con 1,84. Nhu vay qud trinh séc nhlet
d 500°C da lam “tang ham luong 16 khuyet oxy trén bé
mat. D&n khi soc¢ nhiét & 700°C trd 1én, ty 1& O/Ti bat
dau tang trd lai (1,92), cho thdy s6 lugng 16 khuyet oxy
bat dau giam. G 950°C, 16 khuyét gan nhu khong con
(ty 16 O/Ti=1,98), phu hdp v6i do 6n dinh clia tinh thé
khi quan sat trong gian do XRD.

Béng 2: di liéu XPS cta TiO, P25 va cac mdu bién tinh
béng phuong phap séc nhiét
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020

0,19

0,17

028

Ngoai ra, ty 18 O, /Ti cling c6 su thay déi theo qua

trinh séc¢ nhiét. Khi soc nhiét § 700°C, ty 1& O,/Ti gidm
nhe, nhu’ng khi séc nhiét § 950°C, ty 1& O /Ti tang manh,
cho thay & nhiét d6 cao, ham lugng nhom hydroxyl bé
mat c¢6 kha nang gia tdng manh.

3.3. Kha nang hap phu va hoat tinh quang hoa xtic
tac

Hinh 3 so sanh kha nang hap phu MB cla cac mau
xUc tac. Ham lugng MB bi hdp phu trén cac mau soc
nhiét chi tdng nhe so véi mau TiO, P25. Bang chu y &

2%
24 ]
22
20]
18]
16
14
12

194 % 18,8 %

18,1 %

17,0 %

T T T T
P25 PTO-500 PTO-700 PTO-950

Hinh 3: so sanh ham /uqnq MB hép phu trén bé mat
clia cac mau xuc tac
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mau PTO-950, quan sat bang phuang phap SEM cho

thay kich thudc hat c6 sy gia tang rd rét, cé kha nang

lam giam dién tich bé mat riéng cla xuc tac va ti do
lam gidm kha nang h&p phu MB. Tuy nhién, két qua

kh&o sat hdp phu cho thdy du kich thudc hat tang, mau
PTO-950 thé hién kha niang hap phu MB gén nhu tuong
tU vGi cac mau xuc tac duge soc¢ nhiét & nhiét do khac.
Diéu nay co thé dugc gidi thich dya vao ham lugng I6n

nhom OH- trén bé mat cia PTO-950. MB tan trong nuéc

ton tai dudi dang cation MB*. Su gia tang ham lugng
nhom hydroxyl bdi qua trinh séc nhiét & 950°C rat co
thé da lam tang dién tich am trén bé mat xuc tac, khién
né co thé tuong tac t6t v6i cac phan tii cation MB+ théng
qua tuong tac tinh dién, va vi thé thu hut nhiéu cation
MB* dén bé mat.

Hinh 4 so sanh hoat tinh quang hoéa xuc tac phéan
hly methylene xanh trén cac mau xuc tac 1an lugt dudi
blc xa UV va kha kién. Tu gidn dé thé hién In(C /C)
theo thai gian t, chung t6i nhan thay phan ung phan
hly MB trén cac mau déu la phan ting gi& béac 1. Chinh
vi thé, hoat tinh xuc tac gilia cac mau sé dugc so sanh
dua trén hang s6 van téc k (h'"). DuGi biic xa UV, mau
TiO, P25 thé hién gia tri k = 1,45 h-'. Sau khi séc nhiét

P25 k=020(h)
2)PTOS0 k=028 (1) “
@PTOTO0 k=029(1) ,
4) PTO-950 k=035 (i)

o (P25 k=146(
* () PTO500 k=182
4 (3PTO700 k=160

[ (I

\) (
1) (
) 5) 144 4
« (4)PTO90 k=052 () “

h'
h
ul
h'

Ln(C/C)

I T T T T ) T T T T
00 05 10 15 20 0 1 2 2 4

Thoi gian chiéu sang UV (h) Thoi gian chiéu sang kha kién (h)

Hinh 4: dé thi biéu dién Ln(CO/C) theo thdi gian chiéu sang
dé€ xac dinh hang s6 vén téc k (h) cla phan tng phdn hiy MB
I4n Iugt dudi bic xa UV va kha kién

4 500°C, hoat tinh xuc tac tang 1én ro rét (k = 1,81 h).
Nhu vay qua trinh sdc nhiét da lam gia tang hoat tinh
xuc tac cua TiO, dudi buc xa UV trong khi khdng lam
thay déi c&u truc tinh thé, thanh phan pha va kich thudc
hat. S6c¢ nhiét § 500°C ciing khéng lam tang ham lugng
gdc OH trén bé mat cla xuc tac. Diéu nay cho thay su
gia tang hoat tinh xtc tac dudi blc xa UV chi c6 thé
dudc gidi thich bdi sy gia tang ham lugng 16 khuyét oxy
trén bé mat xuc tac. Theo cac nghién cliu trude day [22,
23], 16 khuyét oxy trén bé mat xuc tac déng vai trdo nhu
nhiing trung tam bat electron, cho phép tach electron
va 16 tréng quang sinh hiéu qua hon va nhd vay kéo dai
thdi gian séng cla electron va 16 tréng. Cac 16 trong nay
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khi d6 sé c6 nhiéu co hoi phan Ging véi cac géc OH trén
bé mat hodc cac phan ti nudc hap phu dé hinh thanh
nén cac goc ty do OH® cé kha nang oxy hoa cac phan
tli hiiu co. Nhu vay viéc tang ham lugng 16 khuyét oxy
hoan toan c6 thé lam gia tang hoat tinh quang xuc tac
cua TiO,. Tuy nhién, Khi séc nhiét ti 700°C trd 1én, hoat
tinh xuc tac bat dau giam, _phu hgp véi sy g|am 16 khuyet
trén bé mat PTO-700. Mau PTO-950 thé hién héng s6
van téc phan hly MB thap nhat trong cac mau. K&t qua
nay cling tuang Ging véi do giam manh 16 khuyét trén bé
mat, déng thdi tuong tng vai sy chuyén pha hoan toan
tl anatase sang rutile, pha tinh thé dudgc cho 1a c¢é hoat
tinh dudi butc xa UV kém hon anatase.

Tuaong tu nhu dudi blc xa UV, phan (ing phan hly
MB trong vung kha ki€n cling tuan theo phan ing gi&
bac 1. Mau TiO, P25¢c6 k=0,20 h” trong khi mau PTO-
500co k=0, 28 h-'. K&t qua nay chting td phUGng phap
séc nhiét khéng chi lam tang hoat tinh cla TiO, P25
trong vung UV ma con nang cao hoat tinh trong vUng
kha kién. Su gia tdng hoat tinh nay mot lan niia rat co
thé bat nguon ti sy gia tdng ham lugng 16 khuyét oxy
trén bé mat, vi cac yéu té con lai nhu thanh phan pha,
kich thudc hat déu khong thay déi. Nhiing 16 khuyét
oxy nay da dugc bao céo trong [24, 25, 26] c6 thé hinh
thanh nhiing ving ndng lugng trung gian nam gidia
ving dan va vang hoéa tri trong céu trdc dién ti cla
TiO,, vi vay lam gidm nang Iugng can thiét kich thich
va tu’ do tao ra hoat tinh xuc téac trong vung kha kién.
Khi ham lugng 16 khuyét dugc tang 1én, cac ving nang
lugng trung gian cang lam gidm nang lugng kich thich
hiéu qué hon va dan dén hoat tinh dudi bic xa kha kién
gia tang. P&i v6i mau PTO-700, hdng s6 téc dd phan
hly MB chi tang nhe (k = 0,29 h™') so v6i mau PTO-500
trong khi  900°C, hang s6 téc dd nay tang manh (k =
0,34 h'') mac du & hai mau nay, s6 lugng 16 khuyét oxy
da bat dau gidm. Quan sat nay tuy nhién, lai phu hop
v6i két qua nhiéu xa tia X phan tich trudc dé. Tu 700°C
trd I&n, nhiéu xa tia X cho thdy ham lugng rutile bat
dau tang nhe trong thanh phan pha clia TiO,. So véi
anatase, pha rutile c6 band gap th&p han (khoang 3,0
eV), cé thé hoat dong dudi kich thich kha kién (khoang
420-450 nm). Do dé, khi ham lugng rutile tang, xuc tac
cang co6 kha nang hoat dong trong viing kha kién. Dén
950°C, mau PTO-950 gén nhu chifa hoan toan pha
rutile. Ngoai ra mau PTO-950 con la mau c¢é ham lugng
goc OH cao nhat trén bé mat. Hai nguyén nhan nay da
khi€n cho PTO-950 Ia mau cho hoat tinh xUc tac cao
nhét trong viing kha kién.

4.Kétluan

Trong nghién ciu nay, ching téi da tim hiéu nhiing
anh hudng clia qua trinh sdc nhiét & nhiing nhiét do
khéac nhau I&n cu truc tinh thé, hinh thai, thanh phan
bé mat va hoat tinh quang héa xuc tac cta TiO, P25.
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3 500°C, phudng phap séc nhiét khong lam thay déi
thanh phan pha, hinh thai bé mat cla oxit, nhung da
lam gia tang ham lugng 16 khuyét trén bé mat, tac nhan
chinh cai thién hoat tinh quang xuc tac cua TiO, dudi
blic xa UV va kha kién. G nhiét do soc nhiét cao han,
16 khuyét oxy trén bé mat bat dau gidm dan, tuy nhién
su gia tang ham Iucng rutile trong thanh phén pha cla
cac mau da thic ddy hoat tinh xdc tac cla TiO, trong
vung kha kién =
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