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PEN HOAT TiNH QUANG XUC TAC CUA VAT LIEU NANO F-TiO,
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SUMMARY

INVESTIGATE EFFECTS OF EXPERIMENTAL CONDITIONS ON
PHOTOCATALYTIC ACTIVITY OF F-TiO, NANOMATERIALS

In the present paper, a study on synthesis of F-TiO; under different conditions by sol -
gel process and photocatalytic activity for oxidative methylen blue were
demonstrated. Optimum synthesis conditions of F-TiO; material were found to be 3.5
M NH; solution, reaction time between KF and sol 45 minutes, 14,25% the F/TiO,
mass ratio and calcination temperature of Ti(OH), at 550 °C. The photocatalytic
degradation of blue methylene by the F-TiO; material was higher than that of TiO,

material at the same conditions.

Keywords: Fluoride doped-titania, optimum conditions, photocatalysis, methylen

blue, visible light.

1. PAT VAN PE

Vit liéu nano titan dioxit (TiO,) bién
tinh la mot trong nhitng vat li¢u tiém
nang dugc nghién ciru manh mé trong
nhirng nim gan day nham gia ting hoat
tinh quang xuc tac cua TiO; trong vung
anh sang kha kién va mo rong pham vi
ung dung cua no [1, 3, 14]. Vat li¢u
titan dioxit bién tinh c6 nhitng tinh chat
ly, hoa, quang dién tir kha dac biét, co
dd bén cao va than thién véi moi
truong. Do vay, hai linh vyc dugc
nghién ctru va trién khai tng dung dang
dugc quan tAm nhit hién nay 1a ning
luong va moéi truong [1, 3, 7, 14]. Dé
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ting cudng hiéu sudt qua trinh quang
xuc tac cua vat ligu TiO, trong vung
anh sang kha kién, cac nha khoa hoc da
nghién ctru bién tinh vat liéu TiO, bang
nhiéu tac nhan khac nhau nhu bién tinh
b?mg kim loai (Zn, Fe, Cr, Ag,...) hoac
phi kim (N, C, S, F, Cl,...) hoac oxit
kim loai hodc dong thoi hdn hop mot sd
nguyén tb trén [8-10], [12]. Hau hét vat
litu TiO, bién tinh déu c6 hoat tinh
quang xuc tac cao hon so véi vat li¢u
TiO, ban dau trong ving anh sang nhin
thiy. Tuy nhién, kha ning hap thu buc
xa kha kién va hiéu qua quang xac tac
cia cac vat liéu bién tinh gﬁn nhu phu



thudc dang ké vao lwong chat bién tinh
pha tap vao TiO,. Do vay, trong nghién
ctru nay, ching toi tién hanh khao sat
ham luong tac nhan KF dung dé bién
tinh TiO, bén canh mot sd yéu td anh
huong khac nhu nong d6 dung dich
NH; thay phan mudi K,TiFs, ham
luong KF bién tinh, thoi gian ché hoa
huyén pht va anh hudéng cua nhiét do
nung nham tao ra vat liéu quang xdc tac
Ti0; c6 hi¢u qua xtc tac cao trong vung
anh sang nhin thiy.

2. THUC NGHIEM

2.1. Héa chét va thiét bj

Quang ilmenit (My Thanh, Phu My,
Binh Pinh); HF 40 % (Trung Qudc);
KCI (Trung Quéc).

Khao sat hinh anh bé miat bang phuong
phap hién vi dién tir quét (JEOL JSM-
6500F). Thanh phan pha duoc xac dinh
bang phuong phap nhifu xa tia X (D8-
Advance 5005). Kha ning hap thu anh
sang cua xuc tac dugc dic trung bang
phé hip thu UV-Vis (3101PC
Shimadzu). Thanh phan cac nguyén tb
c6 mit trong mau xuc tac duoc xac dinh
bang phuong phap phd tan xa ning
luogng tia X (Hitachi S-4700 High
Resolution). Trang thai hda hoc va céc
lién két giita cac nguyén ti: dugc xac
dinh biang phé quang dién tir tia X.
Néng dé xanh metylen dugc xac dinh
bang phuong phap tric quang & budc
song 664 nm (UV 1800, Shimadzu).
2.2. Tong hop vat liéu F-TiO,

Tién hanh phan hiy quing inmenit bang
dung dich HF 20% trong thoi gian 5 gio
loc lfiy dung dich lgoc, cho dung dich
loc vao cdc nhua va thém tir tir dung
dich KCI bio hoa vao, khudy déu. Sau
do loc két tua, thu dugc nuoc loc va
chat rin (K2T1F6) mau trang K2T1F6
dugc hoa tan bang nudc nong va tién
hanh thuy phan ¢ 80 °C bing dung
dich NH; (lan luot hay d6i tir 2; 2,5; 3;
3,5; 4; 4,5 va 5 M) dén khoang pH= 9 —
10 (thoi gian thuy phan thay dbi lan
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lugt 15, 30, 45, 60, 90 va 120 phut).
Huyen phu Ti(OH)4 thu duogc dem loc,
rita dén pH=7. Huyén phu sau khi
dugc ché hoa véi dung dich KF (ti 1€
khéi lwong F/TiO, thay d6i lan luot la:
3,56; 7,13; 14,25; 21,37; 28,50; 42,75
va 57,00%.), dem rira, siy & 80 °C
trong 12 gio. Sau d6 dem nung (nhiét
do thay dbi lan luot 1a 400; 450; 500;
550 va 600 °C) trong 5 gio thu dugc
cac vat ligu F-TiO,. Vat liéu TiO;
cling duoc diéu ché trong diéu kién
twong tu nhung khong st dung téc
nhan bién tinh KF.

2.3. Khao sat hoat tinh quang xic tac
Cho 0,1 g xuc tac va 200 mL dung
dich xanh metylen 10 mg/L vao cbc
250 mL. Dung gidy bac boc kin céc,
khudy déu trén may khudy tur trong
vong 2 gid, sau d6 chiéu xa bang dén
soi dot va dudi anh sang mat troi. Sau 6
gid, dem ly tam (tbc do 6000
vong/phat trong 15 phat), ndng do
xanh metylen con lai dugc xac dinh
bang phuong phap tric quang.

3. KET QUA VA THAO LUAN

3.1. Két qua khao sat mot so6 yéu to
anh huwéng dén hoat tinh ciia xiic tac

Anh hwéng nong dé dung dich NH;

Két qua khao sat sy anh huong nong do
dung dich NH; dung dé thay phan
K,TiFs dén hoat tinh xtc tac quang ctua
F-TiO; duogc trinh bay ¢ hinh 1.
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Hinh 1. Anh hwéng nong do dung dich



NH; dén hoat tinh xuc tac cua F-TiO;
Két qua ¢ hinh 1 cho thiy, do chuyén
hoéa MB trén xtc tac F-TiO, khi st
dung dung dich NH; dé thay phan c6
ndng do thay doi tir 1,0 M dén 3,5 M
thi d6 chuyén hoa ting dan va cao nhat
tai 3,5 M voi do chuyén héa dat
65,35%. Tuy nhién, néu tiép tuc tang
ndéng d6 NH; dén 5,0 M thi d6 chuyen
héa MB lai giam. Diéu nay co thé giai
thich 1a do khi ting néng d6 NH; da
lam cho qué trinh thuy phan dién ra
manh, dan dén kich thudc hat TiO, ting
nén lam gidm hoat tinh xuc tac. Do do,
ndéng d6 dung dich NH; thich hop duoc
chon la 3,5 M.

Anh huwéng cia ti 18 khdi lwong
F/TiO;

Két qua dic trung kha ning hap thu buc
xa clia cac mau vat lidu 6 ti 1¢ % khoi
luong F/TiO, khac nhau bang phd UV-
Vis dugc trinh bay & hinh 2.
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Hinh 2. Phé UV-vis ciia vit liéu F-TiO,
V6i cdc ti 16 khoi lwong F/TiO; khdc
nhau
Két qua phd UV-vis ¢ hinh 2 cho thay,
khi ting ti 18 % khéi luong F/TiO; tir
3,56% dén 57% thi vat liéu Gng véi ti 18
% khdi lugng F/TiO; 1a 14,25% c6 bo
hap thu mé rong vé ving song dai. Pidu
nay cho phép du doan vat licu TiO,
bién tinh boi F & ti 18 % khdi luong
F/TiO; 1a 14,25% s& cho hiéu qua xuc

tac quang t6t nhat trong ving khao sat.
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Pé lam rd nhan dinh trén ching toi tién
hanh khdo sat hoat tinh quang xuc tac
cua céac vat liéu thong qua phan ung
phan hiy xanh metylen. Két qua duoc
trinh bay & hinh 3.
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Hinh 3. Anh hwéng cia ti 1é % khoi
lwong F/TiO,dén hoat tinh xuc tac cua
F-TiO,

Két qua & hinh 3 cho thay, khi tang ti 1&
% khéi lwong F/TiO, tir 3,56% dén
57%, d6 chuyén hda xanh metylen ting
1én va dat cuc dai & ti 16 % khdi luong
F/TiO; 1a 14,25% (v6i do chuyén hoa
65,35%). Néu tiép tuc tang ti 1& % khdi
luong F/TiO, thi do chuyén héa MB
giam. Piéu nay co thé duoc giai thich 1a
do khi sir dung ndng do dung dich KF
16n, vat liéu chira nhiéu tdm F da tro
thanh nhing tam tai két hop cép
electron va 16 trong quang sinh dan dén
hoat tinh quang xtc tac giam. Két qua
thuc nghiém nay cting kha phu hop voi
nhan dinh rat ra tu phé UV-Vis hinh 1.
Do d6, ti 1& % khdi luong F/TiO, phu
hop duoc chon 1a 14,25%.

Anh heong ciia cua thoi gian ché héa
huyén phii véi KF

Sy anh hudng cua thoi gian ché hoa
huyén phu dén d6 chuyén héa xanh
metylen trén vat li¢u F-TiO, duoc trinh
bay ¢ hinh 4.
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Hinh 4. Anh huéng ciia thoi gian bién
tinh dén hoat tinh xic tac 3
cua F-TiO;
Két qua & hinh 4 cho thiy, khi ting thoi
gian ché hoa huyén phu v6i dung dich
KF tir 15 phat dén 45 phat, d6 chuyén
héa xanh metylen tang Ién va dat cuc
dai ¢ thoi gian ché héa huyén phu voi
dung dich KF 1a 45 phit (d6 chuyén hoa
dat 70,15%), sau 45 phut thi d6 chuyén
hoa gan nhu khong thay dbi. Diéu nay
c6 thé dugc giai thich 1a do ¢ thoi gian
ché héa nho hon 45 phat qué trinh ché
hoa dién ra chua hoan tit, con & thoi
gian 16n hon 45 phat co6 thé do tao
thanh cac hat co6 kich thudc 16n hon nén
hiéu qua xuc tac thip hon & thoi gian
ché hoa 45 phat. Vi vay, thoi gian ché
hoa huyén phu thich hop 1a 45 phat.
Anh huwéng cia nhiét do nung
Ti0O,.nH,O bién tinh
Két qua khao sat su anh huong cia
nhiét d§ nung Ti0,.nH,O bién tinh dén
hoat tinh quang xtc tac cua F-TiO;
duoc trinh bay ¢ hinh 5.
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Hinh 5. Anh hwéng ciia nhiét d nung
dén hoat tinh xiic tac
cua F-TiO;
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Két qua ¢ hinh 5 cho thiy, khi ting
nhiét d6 nung tir 400 °C dén 550 °C, do
chuyén hoa xanh metylen ting 1én va
dat cuc dai ¢ nhi¢t do nung la 550 °C
(46 chuyén hoa dat 70,15%), néu tiép
tuc tang nhi€t do nung 1én 600 °C thi do
chuyén héa giam manh. Diéu nay dugc
gidi thich la do khi tang nhiét do nung
1én dén 600 °C co thé do kich thudc hat
TiO, 16n hon va TiO, anatas bit dau
chuyén hoa thanh dang rutil nhung
khong dat duoc ti 16 thich hop, dan dén
hoat tinh xuc tac cua vat li¢u bi giam
dang ké. Do vay, nhi€t do nung thich
hop duoc chon trong nghién ctru nay la
550 °C.

3.2. Pac trung vat li¢u

Vat liu TiO, bién tinh bsi flo dugc
diéu ché & cac diéu kién thich hop: thay
phan K,TiFs bang dung dich NH;3 3,5
M, ché hoa huyén phu trong thoi gian
45 phut bang dung dich KF 1 M, say
kho & 80 °C trong 12 gio nung Ti(OH)4
& nhiét do 550 °C. Vat liéu TiO, bién
tinh béi flo & diéu kién trén dugc ki
hi¢u 1a F-Ti0,550.

Thanh phan pha cta vat liéu TiO,550
va F-TiO0,550 duoc xac dinh theo
phuong phap nhidu xa tia X, két qua

duoc trinh bay ¢ hinh 6.
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Hinh 6. Gian dé nhiéu xa tia X cia
Ti0,550 (a) va F-TiO,550 (b)
Két qua tir gian dd nhiéu xa tia X & hinh
6 cho thdy, khi nung vat liéu F-Ti0,550



va Ti0,550 ¢ 550 °C chi hinh thanh
TiO, & dang anatas vo1 céc pic cd
cuong do manh va sdc nét tai vi tri 20 =
25,28°% 37,39°% 47,9°; 53,7° 55,13° va
62,79°. Tuy nhién, mau F-Ti0,550 co
cac pic ¢ pha anatas voi cuong d0 manh
hon mau Ti0,550.

Pé xac dinh thanh phﬁn hoa hoc cua
mau xuc tac F-TiO,550 va trang thai
hoa tri ciia cac nguyén t6 co mit trong
mau, vat lidu dugc dic trung bang
phuong phap quang dién tir tia X. Két
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Hinh 7. Phé XPS ciia F-Ti0>550

Két qua do phd XPS & hinh 7a cho thay,
trong vat licu F-TiO, c6 chira cac
nguyén t6 F, Ti, O. Két qua nay ching
td su c6 mit cia F trong mau F-
Ti0,550.

Pic quang dién tir ciia Ti 2p xuat hién rd
rang tai muc nang lugng 458,39 eV va
465 ¢V (hinh 7b). Piéu nay khiang dinh
Ti & bé mit chi ton tai & dang Ti*". Pic
quang dién tir caa O s ciing xuat hién
tai muc nang luong 529,78 eV  (hinh
7¢) Gmg v6i su ¢6 mit cua O trong oxit
kim loai. Pic quang dién tir ciia F1s xuét
hién tai mirc nang lugng 684,3 eV (hinh
3.18) tng véi nguyén tu flo & dang TiF,
ma khong tao trung tdm khi TiF
va/hoac hép phu vat 1y F trén bé mat
Ti0O; [13], pic tai murc nang luong 685,4
eV lién quan dén cdu trac TiOF, [1, 4].
Két qua nay cho thiy flo di duoc pha
tap vao trong mang tinh thé TiO,.

Viéc bién tinh TiO, bang F dang co
nhirng cong bd theo hai hudng: (1) viée
bién tinh TiO, bﬁng F chi tao ra cac
ving biy electron hodc nhitng khuyét
tat bé mat cua tinh thé TiO, va nhirng
khuyét tat nay tré thanh cic tdm hoat
dong lam giam su tai két hop cip
electron va 16 tréng ma khong lam thay
dbi ning lwong ving cam [5, 6]; (2)
viéc bién tinh TiO, bang F di 1am cho F
dugc thay thé vao vi tri O trong mang
tinh thé cia TiO,, din dén lam giam
nang luong ving cdm [11].



Vi két qua dic trung vat liéu F-TiO, tir
phé XPS trong nghién ciru cua chung
t6i cho thdy, F dd duoc pha tap vao
mang tinh thé TiO,.
3.3. Hoat tinh quang xuc tac
Trong nghién ctru ndy, dé danh gia hoat
tinh quang xuc tac cua cac vat li¢u
Ti0,550 va F-Ti0,550 diéu ché duge tir
quang ilmenit Binh Pinh, chung toi tién
hanh khdo sat kha nang quang xtc tac
cua céac vat liéu thong qua phan ung
phan hay dung dich xanh metylen. Két
qua do chuyén hoa xanh metylen duoc
trinh bay & bang 1.

Bang 1. PJ chuyén héa MB trén vit

lieu TiO>550 va F-TiO2550

bo chuyén hoa (%)
Xuc tac Khéngkinhlge | | .\ o
uv *
TiO, 34,25 20,15
F-TiO, 70,15 57,43

Két qua & bang 1 cho thdy, do chuyén
héa xanh metylen trén xuc tac F-
Ti10,550 cao hon so vdi TiO,550. Véi
ngudn kich thich 1a dén soi d6t co kinh
loc tia UV, d0 chuyén héa MB trén xuc
tac F-Ti0,550 gidm khoang 12,72%,
diéu nay cho thay vat liéu F-Ti0,550 co
kha nang hoat dong manh trong vung
anh sang nhin thdy do su pha tap F vao
mang tinh thé Ti0,550.

4. KET LUAN

Pa diéu ché thanh cong vat liéu TiO,
bién tinh boi flo tir ngudn nguyén lidu
ban dau 1a quing inmenit Binh Dinh va
da khao sat mot sd yéu td anh huong
dén qua trinh tong hop vat liéu TiO,
bién tinh F nhu ndng d6 dung dich NH;
thiy phan mudi K, TiFs, ham luong KF
bién tinh, thoi gian ché hoa huyén phu
va anh hudng cia nhiét d6 nung. Két
qua thu dugc cho thdy, diéu kién thich
hop dé diéu ché TiO, bién tinh boi flo
1a: thity phan K,TiFs bang dung dich
NH; 3,5 M, ché hoa huyén phu trong
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thoi gian 45 phat bang dung dich KF 1
M va nung Ti(OH)s ¢ nhiét d§ 550 °C.
Két qua khao sat sy phan hay xanh
metylen trén xuc tdc TiO, va F-TiO;
cho thy, vat liéu F-TiO, c6 hoat tinh
xuc tdc quang manh hon TiO; trong
viung anh sang kha kién thong qua do
chuyén hoa xanh metylen va d6 chuyén
héa MB trén xuc tdc F-Ti0,550 giam
khoang 12,72% véi ngudn kich thich 1a
dén sgi dbt co kinh loc tia UV.
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