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Abstract

Flouride doped TiO, loaded on bentonite support (F-TiO,/Bent) has been emerged as an effective catalyst for
improving the activity of F-TiO,. F-doped TiO,/Bent material was prepared by sol-gel route from Binh Dinh ilmenite
ore using KF as a dopant precursor. The experimental results revealed that F-TiO,/Bent material exhibited a quite
unique spherical structure as compared to F-TiO,. The absorption in the visible light of the F-TiO,/Bent was found to be
improved and was shifted to longer wavelength (visible region). Compared with F-TiO,, the as-prepared photocatalysts
exhibit enhanced photocatalytic performance treatment of methylene blue (MB) under visible light.
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1. PAT VAN PE

Nhiéu chat xtic tac nhu TiO,, ZnO, CuO, In,0;,
C3N, va CdS da va dang thu hat sy quan tdm nghién
ctru cua nhiéu nha khoa hoc nham cai thién hoat tinh
quang XxUc tac cua chung trong vung anh séng nhin
thdy dé ting cuong pham vi ung dung trong thuc
tién [1-5]. Khi cac chat xuc tac nay bi kich thich boi
cac tia birc xa thich hop, s€ xdy ra sy phan tach cap
electron va 16 trdng, sau do electron s& nhay tir viing
dan 1én vung héa tri va di chuyén dén bé mit cia
clia xuc tac, tiép xuc va c6 thé oxi hoa cac chét hiru
co 6 nhidm thanh CO,, H,0 va cac chit vo co khac
[6-9].

Trong sb cac chat xuc tac duge dé cap, vat liéu
TiO, dugc dugc st dung rong rdi trong xu 1y moi
truong do ¢ d6 bén cao va than thién voi moi
truong. Dé ting cuong hiéu suit qua trinh quang xtc
tac cua vat liéu TiO; trong vung anh sang nhin thay
nham giam chi phi xir Iy cac chit 6 nhidm, nhiéu
nghién ciru bién tinh vat liéu TiO; bang cac tac nhan
khac nhau nhu cac kim loai, phi kim hay oxit kim
loai dd duoc khao sat. Hau hét cac san phém bién
tinh déu c6 hoat tinh quang xuc tic cao hon so véi
TiO, trong ving 4nh sang nhin thay. Cac cong bd vé
TiO, bién tinh bang cac nguyén t6 nhu nito, luu
huynh, cacbon va flo [8, 10-12] cho théy, co su gia
tang dang ké vé hoat tinh quang x(c tac trong ving
anh sang nhin thdy do c6 su thu hep niang luong
vung cam cua TiO; khi bién tinh. Park va Choi [13]
bao céo rang, TiO, bién tinh voi flo da lam gia ting
hiéu qua quang xuc tac phan hiy mot sb chat 6
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nhiém nhét dinh chi yéu do hinh thanh cic ving bay
electron.

Mit khac, dé tang kha ning hap phu cic chét
hitu co 6 nhiém can xir 1y ciing nhu d& dang thu hoi
vt lidu TiO, bién tinh boi flo dé tai sir dung, vat liéu
TiO, bién tinh dugc nghién ciru phan tan 1én trén gia
thé bentonit.

Trong nghién ciu ndy, F-TiO,/Bent duoc diéu
ché tir ngudn nguyén liéu 1a quing ilmenit Binh
Dinh va bentonit Thanh H6a nén htra hen s& thu
dugc mot loai vét li€u quang xuc tac déy tiém ning
6 thé trién khai ing dung trong thuc tién nho gia
thanh thap hon so vé6i viée tong hop tir cdc tién chat
titan ban dau nhu ankoxit hay cac mudi titan.

2. THUC NGHIEM
2.1. Héa chit va phwong phap dic trung vat lidu

Quaéng ilmenit (My Thanh, Phu My, Binh DPinh);
Bentonit Thanh Hoéa; HF, NH; va KCI (Trung
Québc).

Thanh phan pha dwoc x4c dinh bing phuong
phéap nhiéu xa tia X (D8-Advance 5005). Khao sit
hinh dnh bé mat bang phuong phap hién vi dién tir
quét (JEOL JSM-6500F). Kha niang hap thu anh
sang cua xtc tac duge dic trung bang phd hép thu
UV-Vis (3101PC Shimadzu). Thanh phan céac
nguyén t6 c6 mat trong mau xuc tac duoc xac dinh
bang phwong phap phd tan xa ning luong tia X
(Hitachi S-4700 High Resolution). Trang thai hoa
hoc va va céc lién két giita cac nguyén tir: dugc xac
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dinh bang ph6 quang dién tir tia X (XPS). Nong do

xanh metylen duoc xac dinh bang phuong phap tric
quang & bude song 664 nm (UV 1800, Shimadzu).

2.2. Quy trinh téng hop F-TiO,/Bent

~ Quy trinh tong hop vat liéu F-TiOy/Bent duoc
tién hanh theo so do sau:
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phl’Jt), nong do xanh’metylen con lai duoc xac dinh
bang phuong phap trac quang.

3. KET QUA VA THAO LUAN
3.1. Pic trung vit liéu

Két qua dic trung vé thanh phan pha cta vt lidu
F-TiO,/Bent dugc trinh bay ¢ hinh 2.
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Hinh 2: Gian d6 nhiéu xa tia X cia F-TiO,/Bent

Két qua & hinh 2 cho thay vat liéu F-TiO, dugc
tong hop tir quang ilmenit Binh Dinh chi hinh thanh
pha anatas dic trung cua TiO, khi xir Iy mau ¢ 550
°C ung véi cac pic tai vi tri 20 = 25,28°% 37,39%
47,9% 53,7° va 55,13° (theo thé chuan JCPDS: 84-
1286).

Két qua v& hinh thai cua vat liéu F-TiO,/Bent
dugc trinh bay & hinh 3.

F-TiO,.nH,O/Bent

550 °C

F-TiO,/Bent

Hinh 1: Quy trinh diéu ché F-TiO,/Bent

Vit lidu F-TiO, ciing duoc diéu ché tuong tu nhu
quy trinh ¢ hinh 1 nhung khéng st dung huyén phu
sét 2 % va dung dich KF.

2.3. Thi nghiém khdo sat hoat tinh quang xtc tac

Cho 0,1 g xuc tac va 200 mL dung dich xanh
metylen 10 mg/L vio cbc 250 mL. Dung gidy bac
boc kin cdc, khudy déu trén may khudy tir trong
vong 2 gio, sau d6 chiéu xa bang dén soi dbt (khdng
va co6 kinh loc UV) va dudi anh sang mat troi. Sau 6
gid, dem ly tam (tbc d6 6000 vong/phat trong 15

IMS-NKL 5.0kV 4.0mm x110k

Hinh 3: Anh SEM cua F-TiO, (a) va
F-TiO./Bent (b)
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Tur anh SEM cua vat liéu F-TiO,/Bent (hinh 3b)
cho thdy, cac hat F-TiO, ¢ dang hinh ciu, phan tan
kha dong déu trén nén bentonit va cé kich thudc hat
khoang 25 nm. Biéu nay s& gop phan han ché su co
cum xuc tac theo thoi gian so véi vat liéu F-TiO,
(hinh 3a) va do vay sé gitr duogc hoat tinh quang xdc
tac 6n dinh.

Thanh phin héa hoc cua vat liéu F-TiO,/Bent
duogc xac dinh bang phuong phép tan xa ning lugng
tia X. Két qua duoc trinh bay & hinh 4.

Két qua phd EDX & hinh 4 cho thay, vét li¢u
F-TiO, va F-TiO,/Bent ngoai cac pic cua titan (Ti)
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va oxy (O) dic trung cho thanh phan cua vat liéu
TiO,, thi con xuét hién pic dic trung cho nguyén to
flo (F) chinh I nguyén t6 dugc bién tinh vao TiOs.
Bén canh d6 vat liéu F-TiO,/Bent con xuét hién cac
pic rd nét ctia nguyén t6 silic (Si), nhom (Al), sat
(Fe),... dac trung cho thanh phan héa hoc cua
bentonit. Diéu nay chimg t6 sw c6 mat cua nguyén to
flo trong cac mau vat liéu F-TiO, va F-TiO,/Bent.
Dé 1am rd hon nhéan dinh tir két qua pho EDX,
thanh phan va trang thai héa hoc bé mit ciia mau vt
lieu F-TiOy/Bent dugc dic trung bang ky thuat
quang dién tir tia X, két qua duoc trinh bay & hinh 5.
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Hinh 4: Phé tan xa ning lugng tia X ciia F-TiO, (a) va F-TiO,/Bent (b)
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Hinh 5: Phd XPS cua F-TiO,/Bent
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Tiép theo hinh 5
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Hinh 5: Ph6 XPS cua F-TiO,/Bent

Két qua phé XPS & hinh 5a cho théy, vat liéu
F-TiO,/Bent ¢6 chira cac nguyén t6 F, Ti, O, Si,....
Két qua nay ching t6 di diéu ché thanh cong vat
liéu F-TiO,/Bent.

Pic quang dién ti cua Ti 2p trong vat li€u
F-TiO,/Bent xuét hién 1 rang tai mic ning luong
457,36 (Ti 2p3;2) va 463 eV (Ti 2pyp) (hinh 5b). Do
anh huong cua hop phin bentonit nén muc ning
luong nay c6 thap hon so véi cia Ti 2p trong vat
liéu F-TiO, (458.4 va 464.1 eV) nhung khong dang
ké, diéu nay cho phép khang dinh Ti trong vat liéu
F-TiO,/Bent chi ton tai & dang Ti**. Pic quang dién
tir cia nguyén t6 O 1s xudt hién tai mirc ning lugng
529,33 eV (hinh 5cl) ung v6i sy c¢6 mit cia O”
trong oxit kim loai nhung do trong mau F-TiO,/Bent
ton tai nhiéu loai oxit kim loai nén hinh dang pic tu
hon so véi mau F-TiO; chi chira oxit TiO, (5¢2).

Pic quang dién tir ciia Si 2p xuét hién tai mirc
nang lugng 101,32 eV (hinh 5d) Gng v&i su c6 mat
cua Si trong oxit SiO,.

Dic biét, trén phd XPS cua vat liéu F-TiO,/Bent
xuat hién pic quang dién tr cia F 1s tai mirc ning
luong 684,01 eV (5e2) tmg v6i nguyén tb flo trong
hop chit TiOF, nhung khong rd rang va sic nét nhur
mau vat liéu F-TiO, (hinh Sel) do bi anh hudng cia
hop phan bentonit c¢6 trong vat liéu.

D¢ danh gia kha nang hép thu bic xa, vat liéu
F-TiO, va F-TiO,/Bent dugc dic trung biang phuong
phdp UV-Vis miu ran, két qua duoc trinh bay &
hinh 6.

Két qua phd UV-Vis & hinh 6 chi ra rang, khi
phan tan F-TiO, Ién trén gia thé bentonit d lam cho
bo hip thu chuyén dich vé phia séng dai hon so véi
vat lidu F-TiO,. Piéu nay c6 thé duoc giai thich la
do khi phén tan F-TiO, 1én trén bentonit da lam cho
cac hat F-TiO, phan tan déu hon ciing nhu sy hip
thu hiép tro ciia F-TiO, va bentonit, dan dén gia tang
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kha ning hép thu anh sang ving kha kién ciia vat
lidu.
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3.2. Khao sat hoat tinh quang xuc tac cia C4c vt
liéu tong hop

Trong nghién ciru nay, dé danh gia hoat tinh
quang xuc tac cua vat liéu F-TiO,/Bent duoc diéu
ché tir quang ilmenit Binh Dinh, ching t6i tién hanh
khao sat kha nang quang xuc tac cua vat li¢u thong
qua phan ung phan hiy dung dich xanh metylen
duéi tac dung cua buc xa dén soi dét 60w (co va
khong c¢6 kinh loc burc xa UV) va dudi anh sang mat
troi. Két qua do chuyén héa xanh metylen duoc trinh
bay ¢ bang 1.

Tir két qua & bang 1 cho thay, tmg véi cung thoi
gian phan tng 6 gio, dudi ca hai loai ngudn sang
kich thich 1a dén soi ddt va anh sang mat troi thi do
chuyén hoa MB trén xiic tic F-TiO,/Bent tuong tng
1a 84,57 % va 99,15 % 16n hon so voi trén xuc tac F-
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TiO, twong tmg 1a 70,15 % va 97,11 %. Diéu nay
kha phu hgp voi nhan dinh thu duge tir pho UV-Vis
& hinh 6.

Bdng 1: P chuyén hoa MB trén vat liéu F-TiO, va
F-TiO,/Bent v&i nguon sang khac nhau

Do chuyén hoa (%)

Xdc tac ?en St d(?t Anh sang
Khéng | Co loc Mt tro
loc UV uv )

F-TiO, 70,15 57,43 97,11

F-TiO./Bent | 84,57 67,88 99,15

Khi phan huy xanh metylen trén xdc tac F-
TiO/Bent véi ngudn sang la dén s¢i d6t co dung
thém kinh loc tia UV, d6 chuyén hoa MB trén xuc
tac F-TiO,/Bent chi giam khoang 16,69 %, diéu nay
cho thay vat liéu F-TiO,/Bent c6 kha nang hoat dong
manh trong ving dnh sang nhin thay.

4. KET LUAN

D3 tong hop thanh cong vat liéu titan dioxit bién
tinh boi flo phan tin trén pha nén bentonit bing
phuong phap sol - gel. Cac hat F-TiO; thu dugc cd
dang hinh cau va phan tan kha dong déu trén nén
bentonit véi kich thudc hat khoang 25 nm. Khi phéan
tan F-TiO, 1én trén gia thé bentonit da lam cho bo
hap thu chuyén dich vé phia séng dai hon so voi vat
liéu F-TiO,, diéu nay lién quan dén sy phan tan
F-TiO, ddng déu hon ciing nhu sy hip thu hiép trg
ctia F-TiO, va bentonit, din dén ting kha ning hap
thu anh sang ving kha kién cua vat liéu. Két qua
khao sat sy phan huy xanh metylen trén xuc tac F-
TiO, va F-TiO,/Bent cho thay, vat li¢u F-TiO,/Bent
c6 hoat tinh xtic tac quang manh hon so véi vét licu
F-TiO, trong ving 4nh sang kha kién thong qua do
chuyén héa xanh metylen.
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