Science & Technology Development, Vol 13, No.T1- 2010

NGHIEN CUU BIEN TiNH TiO; ANATASE BANG KF VA KHAO SAT HOAT TiNH
QUANG HOA TRONG VUNG KHA KIEN
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Truong Pai hoc Khoa hoc Ty nhién, PHQG- HCM
(Bai nhdn ngay 08 thang 01 nam 2009, hoan chinh sia chita ngay 22 thang 04 nam 2010)

TOM TAT: Trong pham vi dé tai nay, chung toi tién hanh tim kiém phwong phap bién tinh
TiO; thuong mai (TO) voi muc tiéu tao ra mot xuc tac quang hoa moi gia thanh ré co thé hoat dong
hiéu qua dwdi birc xa kha kién. Phitong phdp bién tinh la nung hon hop TiO, va KF & nhiét dé tir 800-
1000°C ¢ cac thoi gian khdc nhau dé c6 cde mau FTO. Dit liéu XRD cho thdy sw ton tai ciia 3 pha tinh
thé bao gom K>TisO3, K4T14F,006 3H,0 va pha anatase. Cac anh chup SEM cho thay cac hat TiO, ban
dau (TO) ¢6 hinh dang khoi léch véi kich thude dao dong tir 100 — 500 nm, trong khi cdc hat FTO nam
& dang thanh tru dai véi dg dai hon 1 um. Dudi bire xa kha kién, hoat tinh quang héa ciia FTO trong
viéc phdn hiy xanh methylene tuwong dwong voi Degussa P25 (dat do chuyén héa trén 60% sau 4 gio),

cao gap doi so voi TO.

Tir khéa: Xic tic quang hoa; Birc xa kha kién; F-TiO,; K>TisO;s5; K TidF 1006 3H,0 ; Xanh

methylene.

1.GIOI THIEU

Bén canh kha nang tng dung TiO, nhu
mot xtc tac quang hoa trlen vong, chat ban din
ndy van con ton tai mot sb han ché. Qua trinh
tai két hop céc tidu phan mang dién lam giam
déng ké hiéu qua xuc tac. Pdng thoi, TiO, chi
thuc sy hoat dong dudi birc xa UV, c6 nang
lwong 16n hon ning lwong ving cim, trong khi
buc xa UV chi chiém tir 3 — 5% ning lugng
mat troi. Vi vay, bién tinh TiO, tré thanh mot
trong nhitng huéng nghién cliu quan trong
nhdm néng cao hi¢u qua xuc tac ciing nhu g
dung nang luong mit troi vao trong hé thng
xuc tac quang hoa TiO,.

Nhitng bién dbi bé mit ciia cac chét ban
dan xtc tac quang hoa co thé giy ra nhimg anh
huéng dang ké 1én cac qua trinh quang hoa xic
tac xdy ra trén bé mat tiép xuc. Gan day da co
mot sb nghién ctru sy fluor hoa bé mit TiO,
(FTO) bang mot s phuong phap khac nhau.
Khi thém natri fluorur NaF vao trong dung dich
phan tUng, ion fluorur s& phan Gng védi céac
nhoém hydroxyl trén bé mit ¢ hinh thanh cac
tiéu phan =Ti-F. Viéc fluor hoa bé miat TiO,
boi phan Gng trao doi don gian ion F~ trong
huyén phu TiO, 1am tang hoat tinh xuc tac dudi
birc xa UV dbi v6i nhimg chat ¢ co ché phan
hiy thong qua goc tu do trung gian OH® [1, 2,
5,6]. Trong khi d6 fluor hoa bang k¥ thuat phun
nhiét phan khong chi cai thién hoat tinh cua
TiO, trong vung UV ma con mé rong kha ning
hoat dong cua xtic tdc nay qua ving kha kién

[1,2]. Cac nguyén tir fluor ciing co thé duoc
dua vao céu trac tinh thé cua TiO, trong subt
qué trinh didu ché véi NH,F dong vai tro 1a
chat dong két tia fluorur. [3, 4]

Trong pham vi d& tai nay, ching t6i tién
hanh tim kiém phuong phap bién tinh TiO,
thuong mai bang tac nhan fluor véi muc tiéu
tao ra mot xlic tdc quang hoa gia thanh ré co
thé hoat dong hiéu qua dudi buc xa tir ngoai
1an kha kién. Phuong phap bién tinh str dung la
phéan tmg pha rén gitra TiO, va KF & nhiét do
cao trong mot thoi gian nhét dinh. Hoat tinh
ctia nhitng mau xuc tac khac nhau da didu ché
s& duge so sanh véi TiO, ban dau va Degussa
P25.

2.THU'C NGHIEM

2.1.Phwong phap bién tinh

Chung t6i di tién hanh bién tinh TiO,
thuong mai (UNI-Chem) bing KF véi ty 1&
khdi lwong KF:TiO, 0,5:1; 1:1 va 2:1. Qua
trinh bién tinh duoc thyc hién nhu sau: Hoa tan
mét lugng x (g) KF khan trong nuéc cét.
Khudy tron déu dung dich KF trén trong vong
15 — 30 phut véi bt TiO,, thu duge mot dang
b6t nhio. Pem sdy kho bot nhdo nay & 80 °C,
mau sau khi séy khé hoan toan dugc sbc nhiét
& nhiét do tir 950°C dén 1000 °C trong thoi gian
tir 2 dén 10 phut. Mau dugc ky hiéu theo vi du
sau:
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FTO-1-950-5: miu bién tinh véi ti 18
KF:TiO, 1:1, soc nhiét & 950°C trong thoi gian
5 phut.

2.2.Phwong phap khio sit cdu tric va
hinh thai tinh thé ciia san phim bién tinh

Céu trac tinh thé ciia cac san phim rin
dugc khao sat biang phuong phap nhifu xa tia
X (XRD) trén may Siemens D5000 véi ngudn
Ko Cu. Hinh thai hat pha rin dwoc danh gia
qua anh Kinh hién vi dién tir quét (SEM) thuc
hién trén may Hitachi S4800.

2.3.Phin t&rng khdo sat heat tinh xuc tac
quang hoa

Hoat tinh quang héa xiic tic clia cac mau
san phdm duoc nghién ciru trén co s& phan ng
phéan hily xanh methylen dudi diéu kién chiéu
sang bang bic xa VIS hoic UV. Phan tng
duoc thyc hién ¢ nhiét d6 phong va ap suét khi
quyén. Nong do du cua xanh methylen 1a 107
M. Ham luong xuc tac sir dung 1a 1g/I. Hé sb
chuyén hoa xanh methylen dwoc danh gia biang
phuong phap tric quang tai budc song 660nm.

2-Theta - Scale

3.KET QUA VA BIEN LUAN

3.1.Khdo sat cAu tric va hinh thdi tinh
thé san phim

Céc két qua phan tich gian d6 nhilu xa tia
X (Hinh 1, 2) cho thiy mau TiO, thuong mai
ban déu (TO) c6 chira ca 2 pha anatase va rutile,
trong d6 chu yéu la pha anatase, chi ¢6 1 phin
rat nho 1a pha rutile, tinh thé rat on dinh. Gian
dd XRD ciia TO-950 gin nhu twong ddng hoan
toan véi TO, diéu nay ching té diéu kién sdc
nhiét nay khong lam thay doi cu tric tinh thé
cta TiO,. Khi bién tinh véi KF, chu tric ciia
san pham bi thay ddi. C6 thé nhan thiy 16 rang
trong mau FTO-1-950-5 ¢ su xudt hién cua
cac pha méi KgTi6O|3 va K4Ti4F1006.3H20 voi
ham lugng 16n, ddng thoi ham lwong cac pha
anatase va rutile bi giam dang ké. CAu truc tinh
thé cac mau FTO thiéu én dinh thé hién qua su
dao dong manh cia dwdng nén va tinh dbi
xtng kém cua cac miii trong gian dé XRD.
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Hinh 1.Phé XRD ciia FTO-1-950-5
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Hinh 2. Ph6 XRD (theo thir tu tir dudi 1én) ciia TO, TO-950,FTO-1-950-5 va FT0-0,5-950-5

Cac nghién ctru trén anh kinh hién vi dién . 1
tr quét (SEM) cho thdy do phan giai cua
phuong phép nay thich hop dé khao sat hinh
thai cac mau xtc tac TiO,. Cac hat TiO, ban
dau (TO) c6 hinh dang khéi bi léch véi kich
thude dao dong tir 100 — 500 nm, bé mit hat
TO nhin, cic hat c6 khuynh huéng tu hop lai
v&i nhau. MAu FTO ¢6 hinh thai khac hén: céic
hat c6 dang thanh try véi d dai hon 1 pm, bé
mit hoi san sui, tho, mirc d6 phén tan cao hon
mau TO.

" 4 0oum

Hinh 4.Anh SEM cua miu FTO-1-950-5

3.2.Panh gia hoat tinh xic tiac quang
héa
3.2.1.Khd ndng oxi hoa xanh methylene
bting oxygen khong khi
Dé danh gia day di chung t6i tién hanh thir
nghiém kha ning oxy hoa xanh methylene bing
oxygen khong khi khong c6 sy hién dién cua
xuc tac quang. Diéu kién tién hanh twong tu
. nhu da md td nhung thay vi dung xuc tac,
Hinh 3. Anh SEM ctia miu TO chung t6i suc O, lién tuc vao hé.Két qua cho
thdy xanh methylene khong bi phan hity trong
diéu kién suc O, khong khi binh thuong. Hi¢u
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suat chuyén hoa khi khong sir dung xiic tac 1a
0.044 sau 4 gio.

3.2.2.Anh hwong ciia ti I¢ KF:TiO2 dén
hoat tinh xuc tac

Nhim khéo sat 4nh huong cua ti 18
KF:TiO, trong qua trinh didu ché 1én hoat tinh
xic tac quang hoa, chung tbi tién hanh thi
nghiém phan hily xanh methylene trén 3 mau:
FTO-1-950-5, FTO-0.5-950-5 va FTO-2-950-5,
duéi 2 diéu kién chiéu sang khac nhau: trong
ving VIS va UV. Cac két qua (Hinh 7, 8) cho
thdy ti 16 KF:TiO, trong diéu ché anh huéng
dang ké dén hoat tinh xtic tic ciia cic méu
FTO. Duéi anh sang kha kién, do chuyén hoa
sau 4 gio dat duoc gia tri cao nhét trén miu
FTO-2-950-5 (0.663). Pdng thoi, tbc do phan
hily xanh methylene trén mau xtc tic nay ciing
nhinh hon so v&i FTO-0.5-950-5, va hon dang
ké mau FTO-1-950-5. Tuy nhién dudi birc xa
UV, @ chuyén héa 13n tbe do chuyén hoa xanh
methylene trén miu FTO-2-950-5 gﬁn nhu
twong dwong véi miu FTO-1-950-5. Trong khi
d6, mau FT0-0.5-950-5 lai thé hién hoat tinh
kém nhit.
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Hinh 5. D6 chuyén héa cua MB véi cac mau xiic tac
¢0 ti 1€ KF:TiO, khac nhau dudi bic xa VIS
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Hinh 6. D6 chuyén héa cua MB vdi cac mau xiic tac
¢o ti 1€ KF:TiO, khac nhau dudi bie xa UV

3.2.3.Anh hwéng ciia nhiét dp séc nhigt
dén hoat tinh xuc tic

Cac két qua (Hinh 9, 10) cho thdy dudi
buc xa kha kién, hoat tinh ctia 3 miu xuc tac
thé hién rat khac nhau. Do chuyén hoa xanh
methylene trén mau xuc tac sdc nhiét & 950°C
(FTO-1-950-5) vuot trdi hon 2 mau con lai,
nhét 1d mau & 900°C (FTO-1-900-5).
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Hinh 7.D¢ chuyén héa ctia MB véi cac mau xuc tac
¢06 nhiét d6 soc nhiét khac nhau dudi buc xa VIS
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Hinh 8. D% chuyén hoéa cia MB véi cac mau
xuc tac ¢6 nhiét do soc nhiét khac nhau dudi blirc xa
uv

Dudi bie xa UV, dit thé hién hoat tinh xac
tac gn giéng nhau, nhung FTO-1-950-5 van 1a
mau c6 hoat tinh cao nhat va FTO-1-900-5 l1a
mAu c6 hoat tinh thip nhit. Nhu vay 9500C la
nhiét d6 hiéu qua nhit dé bién tinh TiO2. Cac
khéo sat trén cac ti 1& F khac nhau ciing cho két
qua tuong tu.

Anh huéng cua thoi gian sdc nhiét dén
hoat tinh xuc tac

Thoi gian sc nhiét khao sat 1a 2, 5 va 10
phat. Cac két qua cho thay dudi ca 2 diéu kién
kich thich khac nhau, kha kién va UV, hoat tinh
ctia cac mau khong cé su khac biét nhiéu, Hoat
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tinh c6 hoi giam déi véi mau FTO-1-950-10
dudi birc xa UV, nhung khong dang keé.
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Hinh 9.D6 chuyén héa ctia MB véi cac mau xiic tac
¢6 thoi gian soc nhiét khac nhau dudi buc xa VIS
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Hinh 10.D9 chuyén hoa ciia MB véi cac mau xtc
tac co thoi gian soc nhiét khac nhau dudi buc xa UV

So sanh kha nang quang hoa xuc tac gitta FTO,
TO va P25

Chiing toi tién hanh so sanh hoat tinh xtc
tac phan hity xanh methylene trén 3 miu xtc
tac: mau bién tinh FTO-1-950-5, 1a miu cho
két qua tot nhit ctia ching t6i, véi mau ban dau
TO va mau Degussa P25.
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Hinh 11. B9 chyyén hoa ctia MB theo thoi gian trén
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Hinh 12. B chgyén hoa ciia MB theo thoi gian trén
cac mau xuc tac dudi birc xa UV

Céc két qua (Hinh 5, 6) cho thiy dudi 4nh
sang kha kién, FTO thé hién hoat tinh xtc tic
hon han TO. Sau 4 gio phan tmg, do chuyén
hoa cua xanh methylene trén FTO 1a 0.59 so
voi 0.36 trong truong hop TO. Nhu vy, viéc
sbéc nhiét TiO, véi KF da tao ra mot xc tac
quang héa méi c6 khd ndng hoat dong hon
dudi bire xa kha kién. Do chuyén hoa sau 4 gio
trén FTO (0.59) thap hon trén P25 (0.66),
nhung trong thoi gian phan tmg ngin hon, FTO
lai thé hién kha ning xuc tac cho sw phan hiy
methylene xanh vugt trdi so véi P25.

Dudi kich thich cua buc xa UV, ca 3 méiu
xtic tdc déu thé hién hoat tinh rit manh, xanh
methylene gan nhu bj phan hity hoan toan sau 4
gi0 phéan ung.

3.3.Bién luin

Phuong phép bién tinh nhiét TiO, véi KF
béang sdc nhiét trong thoi gian ngén da lam xudt
hién nhitng pha tinh thé moi K,TigOp; va
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K4TigF1006.3H,0, cung vai su gidm ham lugng
thanh phin cic pha cii nhu anatase 1 rang
dong vai trd quan trong trong viéc nang cao
hoat tinh ctia TiO, bién tinh duéi btc xa kha
kién 1&n UV. Tuy nhién vai trd cua timg pha
tinh thé trong hoat tinh xtc tac van chua dugc
lam 3. Sy thay dbi hoan toan hinh thai hat trén
c4c mau xuc tac bién tinh FTO thong qua anh
chup SEM. ¢c6 thé ciing da dong gop vao su gia
tang hoat tinh quang hoéa xuc tac va kha nang
hép phu cia bt FTO.

Nhiét d6 950°C 1a mét trong nhimg yéu tb
quan trong nhét khi bién tinh TiO,. Nhiét do
thip hon c6 thé s& khong dam bao du tdc do
ctia phan mg pha rén, trong khi nhiét d6 cao
hon dudng nhu s& thuc ddy qua trinh tai két
tinh bé mit khong thuan loi cho phan ung
quang xuc tac. Mat khac, theo két qua khao sat
anh hudng cua thoi gian nung, ching t6i cho
rang & 950°C, phan tmg giita KF va TiO, gan
nhu dién ra trc thoi va hoan toan.

Ham luong fluor chic chin co lién quan
dén ty 1& cac pha hinh thanh trong ciu triic san
phdm. Ty 1¢ nay khong dong bién véi van tde
phén hiy xanh methylene, chiing té anh hudng

ctia mdi pha tinh thé 1én hoat tinh xtic tac cua
TiO, la rat phtrc tap.

Trong ving 4nh sang kha kién cac xuc tac
FTO thé hién hoat tinh quang xuc tac cao hon
16 s0 v6i TiO, ban dau va c6 thé so sanh véi
Degussa P25 trong ching muc nhit dinh. Cac
két qua ban dau nay la rat dang phan khoi néu
so sanh gi4 thanh ctia Degussa P25. C6 thé thiy
mitc d chuyén hoa ctia MB theo thoi gian trén
Degussa P25 dién ra déu dan hon trong khi &
mAu FTO 13n miu TO déu c6 do ting cao muc
dd chuyén hoéa MB ngay thoi gian dau, co thé
do tac dong cua viéc hdp phu MB 1én pha rin.
Diéu nay con can khao sat chi tiét.

4.KET LUAN

Phuong phép séc nhiét nhanhTiO, véi KFo
950 da hinh thanh thém cac pha K,TicO3,
K4TisF1906.3H,0 bén canh anatase, phan tmg
xay ra hau nhu tirc thoi. Viée tang dang ké hoat
tinh quang hoa trong ving kha kién thé hién
qua hiéu qua phan hay xanh metylen ctia miu
bién tinh so v&i ban diu bén canh sy don gian
vé mit thiét bi va hoa chit cho thiy day la
phwong phép dang dé tiép tuc nghién ctru siu.

MODIFICATION OF ANATASE TiO, WITH KF AND ITS PHOTOCATALYTIC
ACTIVITY IN VISIBLE REGION

Huynh Thi Kieu Xuan, Le Tien Khoa, Tang Ngoc Bao Thuy, Nguyen Huu Khanh Hung
University of Sciences, VNU- HCM

ABSTRACT : In this study, we searched for methods to modify commercial titania in pursuit of
new low cost photocatalyst which can operate effectively under visible irradiation. Mixtures of TiO; and
KF were calcined in the region of 800 — 1000°C at different calcine duration to obtain FTO. XRD data
indicated the existence of 3 phases K;TigO,3, K,Ti F10053H,0 and anatase. SEM photographs revealed
that initial TiO, particles (TO) had distorted cubic shape and their size ranged from 100 to 500 nm.
While FTO particles had cylindrical form of more 1 um in length.

Under visible irradiation, photoactivity of FTO on blue methylene decomposition is equivalent to
P25 (conversion 60% after 4 hours) and double TO.

Keywords: Photocatalysis; Visible irradiation; F-TiO,; K>TisO;; K, Ti,10063H,0; Blue
methylene.

Trang 27



Science & Technology Development, Vol 13, No.T1- 2010

TAI LIEU THAM KHAO [4]. Di Li, Naoki Ohashi,Shunichi Hishita,
Taras Kolodiazhnyi, Hajime Haneda;
Journal of Solid State Chemistry; 178;
3293 —3302; (2005).

[5]. Hyunwoong Park, Wonyong Choi; J.

[1]. Masakazu Anpo; Pure Appl. Chem.; 72;
1265 — 1270; (2000).

[2]. Masakazu Anpo; Pure Appl. Chem.; 72;

1787 — 1792; (2000). Phys. Chem. B; 108; 4086 — 4093;
[3]. Di Li, Hajime Haneda, Shunichi Hishita, (2004).

Naoki Ohashi, Nitin K. Labhsetwar; [6]. YANG Shi-ying, CHEN You-yuan,

Journal of Fluorine Chemistry; 126; 69 ZHENG Jian-guo, CUI Ying-jie; Journal

of Environmental Sciences; 19; 86 — 89;

—177; (2005). of by

Trang 28





