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Tém tit: Titan dioxit bién tinh duoc diéu ché tur quang inmenit Binh Pinh st dyng tic nhin bién
tinh 12 kali florua. Vat liéu TiO, bién tinh boi flo dugc didu ché trong diéu kién: ndng do dung dich
NH; ding dé thity phan K,TiF, bang 3,5 M, nong d6 dung dich KF bién tinh 1a 1 M va nung két
tua Ti(OH), & nhiét 3o 550°C vat li€u thu dugc c6 kich thude hat trung binh khoang 20 nm, chi
ton tai pha anatas va xuat hién cuc dai hap thy 0 budce song dai hon vt liéu TiO,, m6 rong vé viing
4nh sdng kha kién. Két qua thi nghiém chi ra ring, d6 chuyén héa xanh metylen trén vét lidu titan
dioxit pha tap flo dudi birc xa den soi ddt va anh sdng mat troi cao hon so véi titan dioxit.

Tir khod: Titan dioxit, bién tinh, flo, xtc tic quang, 4nh sdng kha kién.

1. Pit van dé

TiO, 12 mot trong s6 cic chit xic tic quang
dugc nghién ctru va ng dung rong rdi nhat
trong linh vyre xtr Iy méi truong do tinh 6n dinh,
khong doc va gid thanh thap. Tuy nhién, nhuoc
diém ctia TiO; la chi thé hién hoat tinh xdc téc
dudi tic dung cua buc xa UV do cé nang luong
viing cdm 16n (khoang 3,2 eV) [1]. Diéu nay
han ché kha ning tmg dung cta TiO, dudi dnh
sdng mat troi (btic xa UV chi chiém khoang
5%). Vi vdy, viéc bién tinh TiO, bang cdc kim
loai, phi kim, cdc oxit ban dan,... d3 tré thanh
mot trong nhitng hudéng nghién ctru tiém ning
nhim ning cao hiéu qui quang xic tic cia
TiO, trong viing 4nh sang kha kién [2, 3, 4].
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Mat khéc, vat liéu quang xudc tic TiO, thuong
dugc tong hop tir céc tién chat nhu ankoxit hodc
cdc mudi cua titan (sunfat, clorua,...) c6 gid
thanh kha cao. Do vay, trong nghién ctru nay,
ching t6i st dung quing inmenit 1am nguyén
lidu diéu ché TiO, bién tinh bang flo nham tao
ra vat liéu quang xic tic TiO, c6 gid thanh thap
va ¢d hiéu qua xtc tdc cao trong vung dnh sdng
nhin thiy.

2. Thue nghiém
2.1. Héa chdt va phuong phdp dac trung vat liéu

- Quang inmenit (My Thanh, Phu My,
Binh Dinh) [5]; HF 40% (Trung Quéc); KCl
(Trung Quéc); NH; 25% (Trung Qudc); KF
(Trung Quéc).
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- Khao sat hinh anh bé mat bang phuong
phap hién vi dién tir quét (JEOL JSM-6500F).
Thanh phan pha dugc xdc dinh bing phwong
phéap nhiéu xa tia X (D8-Advance 5005). Kha
ning hap thu 4nh sing ciia xic tic dugc dic
trung bang phd hip thy UV-Vis (3101PC
Shimadzu). Thanh phan céc nguyén t6 c6 mat
trong mau xic tic duoc xdc dinh bang phwong
phdp pho tin xa ning lugng tia X (Hitachi S-
4700 High Resolution). Nong do xanh metylen
dugc xdc dinh bang phuong phap tric quang &
budc séng 664 nm (UV 1800, Shimadzu).

2.2. Thuc nghiém

2.2.1. Téng hop F-TiO,

Phan hity quiing inmenit bang dung dich HF
20%. Sau 5 gio loc 1iy dung dich loc. Cho dung
dich nuéc loc vao cbe nhya va thém tur tr dung
dich KCI bio hoa vao, khudy déu. Sau d6 loc
két taa, thu dugc nude loc va chét ran (K,TiFe)
mau trang. K,TiFs dwgc hoa tan bang nudc
néng va tién hanh thay phan & 80 °C-85 °C
bang dung dich NH; dén khoang pH= 9 - 10.
Huyén phu Ti(OH)4 thu duogc dem loc, rira dén
pH=7. Huyén phi sau khi duoc ché héa véi
dung dich KF dem sdy & 80 °C trong 12 gio.

ops

Sau d6 dem nung & 500 °C trong 5 gio thu dugc
F-Ti0,.Vit liéu TiO, ciing dugc diéu ché trong
didu kién twong ty nhung khong st dung tic
nhan bién tinh KF.

2.2.2. Thi nghiém khao sdt hoat tinh quang
xtic tdc

Cho 0,1 g F-TiO, va 200 mL dung dich
xanh metylen 10 mg/L vao coc 250 mL.
Dung gidy bac boc kin cdc, khudy déu trén may
khuay tir trong vong 2 gio, sau d6 chiéu xa bang
den soi d6t va dudi 4nh sang mit troi. Sau 6
gi, dem ly tam (téc do 6000 vong/phit trong
15 phit), n6ng dd xanh metylen con lai duoc
xéc dinh bang phuong phap tric quang.

3. Két qua va thao luan
3.1. Dac trung vat lieu F-TiO, 550

Thanh phén héa hoc cua vat liéu TiO, va
vat liéu TiO, bién tinh boi F dugc dac trung
bang phuong phap phd tin xa ning luong tia X.
Két qua duoc trinh bay 6 hinh 1.
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Hinh 1. Phé tén xa nang luong tia X (a) TiO, (b) F-TiO..

Két qua ¢ hinh 1 cho thiy, ngoai cic pic cia
titan (Ti) va oxi (O) dédc trung cho thanh ph?m
cua vat liéu TiO; (hinh 1a), vét liéu F-TiO, con
co su Xuét hién pic ctia nguyén td flo (F) (hinh
1b). Piéu nay chimg to sy ¢6 mit cua flo trong
méau F-TiO; [6].

Tir két qua pho IR trong hinh 2 chi ra rang,
trén phd hong ngoai cia vt liéu TiO, va F-TiO,

déu xuét hién céc pic Gmg voi cdc tan s6 & 3432
cm’, 1643 cm™, 787 cm. Ngoai ra, trén phé IR
ctia F-TiO, xuét hién thém pic 2366 cm’ duge
cho 12 ctia dao dong lién quan dén lién két ciia F.

Két qua anh SEM & hinh 3 cho théy, vat
liéu F-TiO, c6 hinh thai cAu trdc o rang, cac
hat dong déu va kich thudc hat trung binh
khoang 20 nm.
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Hinh 2. Phd IR cua vit liéu (a) TiO, (b) F-TiOy

Thanh phan pha cua vat liéu F-TiO, duoc
xdc dinh bang phuong phép nhidu xa tia X, két
qua duoc trinh bay ¢ hinh 4. Két qua & hinh 4
cho thdy vat liu F-TiO, dugc tong hop tir
quédng inmenit Binh DPinh chi hinh thanh pha
anatas khi xtr Iy mau & 550 °C tng véi cic pic
tai vi tri 20 = 25,28% 37,39° 47,9° 53,7°
55,13°% 62,79°.

) Két qua ¢ hinh 5 chi ra rang TiO, c¢6 cuc dai
hap thu anh séng kich thich tai budc séng 317

a8

Hinh 4. Gian dd nhiéu xa tia X cua vat liéu F-TiOy

3.2. Hoaqt tinh quang xiic tdc cua vdt lieu TiO,
va vat liéu F-TiO,

Tir két qua cta hinh 6, cho thiy d6 chuyén héa
xanh metylen cua vét li¢u F-TiO, cao hon trén
vat liéu TiO, ca khi kich thich bang den soi ddt
(F-Ti0O,: 70,15%; TiO,: 34,25%) hodc 4nh sang
mit troi (F-TiO,: 97,11%; TiO,: 75,32%), diéu
nay dugc giai thich, do sy ¢6 mat cia F da lam
giam sy tai két hop cua electron va 13 trong
quang sinh va vt liéu F-TiO, c6 kha ning hip

Hinh 3. Anh SEM ciia vt liéu F-TiOy'

nm, voi gid tri nang lwong viing cdm duoc tinh
todn theo két qua do UV-vis & trang thdi ran
thong qua ham Kubelka—Munk 1a 3,25 eV. Vat
liéu F-TiO, xuit hién cuc dai hip thu & budc
séng 339 nm va by hép thy mo rong vé viing
4nh sang kha kién, vé6i gid tri nang lugng viing
cAm tuong tmg 1a 3,09 eV. Pay 1a co s& minh
ching cho hoat tinh quang xuc tac cua F-TiO,
t6t hon TiO, trong viing 4nh séng kha kién.

Hinh 5. Phd UV-VIS cua(a) F-TiO, va (b)TiOy

thu buc xa séng dai hon so véi TiO,. Mit khéc,
két qua & hinh 6 ciing cho thdy rang, d6 chuyén
héa xanh metylen dudi dnh sdng mat troi 1a cao
hon dang ké so voi dudi tic dung cua bl xa
den soi ddt trén ca hai loai xic tic. Diéu nay c6
thé duoc giai thich 1a do den soi dot c6 ngudn
4nh sang don sic vang, trong khi dnh sdng mat
troi ty nhién cé khoang 5% tia tir ngoai nén
kich thich sy phén tich cip electron va 18 tréng
t6t hon.
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Hinh 6. D6 chuyén héa xanh metylen cua vat liéu (1) TiO, va (2) F-TiOy

Tir két qua ciia hinh 6, cho thiy do chuyén
héa xanh metylen cta vat liéu F-TiO, cao hon
trén vat liéu TiO, ca khi kich thich bﬁng deén sgi
d6t (F-TiO,: 70,15%; TiO,: 34,25%) hodc 4nh
sang mat troi (F-TiO,: 97,11%; TiO,: 75,32%),
didu nay dugc giai thich, do sy c6 mat cua F da
lam giam su tai két hop cua electron va 15 tréng
quang sinh va vt liéu F-TiO, c6 kha ning hip
thu buc xa séng dai hon so v6i TiO,. Mat khéc,
két qua & hinh 6 ciing cho thdy rang, d6 chuyén
héa xanh metylen dudi dnh sdng mat troi la cao
hon dang ké so voi dudi tic dung cua bic xa
den soi ddt trén ca hai loai xic tdc. Diéu nay c6
thé duoc giai thich 1a do den soi ddt c6 ngudn
4nh sang don sic vang, trong khi dnh sdng mat
troi ty nhién c6 khoang 5% tia tir ngoai nén
kich thich sy phan tach cap electron va 15 tréng
t6t hon.

4. Két luan

D3 tong hop thanh cong vat liéu titan dioxit
bién tinh boi flo, ¢c6 kich thudc hat trong
khoang 20 nm bang phuong phép sol - gel. Khi
xtr 1y mau & nhiét do 550 °C, vt liéu F-TiO, chi
tdn tai & dang anatas va cé cuc dai hép thu
chuyén dich vé phia séng dai hon so véi TiO,.
Két qua khdo sét sy phan hity xanh metylen trén
xtic tic F-TiO, va TiO, cho thay, vat liéu F-

TiO; c6 hoat tinh xuc tac quang manh hon TiO,
trong vung dnh sdng kha kién thong qua do
chuyén héa xanh metylen.
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Modification of Titanium Dioxide by Fluoride for Degradation
of Organic Compounds under Visible Light
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Abstract: F-TiO, nanomaterial was synthesized from Binh Dinh ilmenite ore using KF as dopant
precursor. The F-TiO, material, which was synthesized under the conditions of 3.5 M NH; solution,
IM KEF solution and calcination temperature of Ti(OH), was 550°C, showed the average particles size
of approximately 20 nm and only existed in anatase phase. Modification of titania with fluoride has
changed light absorption ability of catalyst. The obtained UV-vis absorption spectra results indicated
that the maximum absorption wavelength of F-TiO, was larger than that of the TiO,. The experimental
results indicated that the photocatalytic degradation of blue methylene by the F-TiO, material was
higher than that by the TiO, material.

Keywords: Titanium dioxide, modified, fluoride, photocatalysis, visible light.



