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SUMMARY

Titanium dioxide (Ti0O,) membranes on glasses were prepared by sol-gel method. Raman

and AFM spectroscopies mainly characterized them. The catalytic activity was tested in the
degradation of phenol as a model compound. It was shown that all TiO, membranes had
good photocatalytic activity and the influential parameters such as the phenol concentration,
the particle size and the adding amount of ZnO have been investigated.

- MO PAU

Gan day rat nhiéu cong trinh da dua ra kha
nang quang xuc tac cua TiO, trong viéc phan
hay hop chét hitu co doc hai trong nuéc va khi
cho san phdm cuéi cung 1a CO, va H,0 [1, 2].
Véi kha nang quang héa tot cua TiO,, cac nha
khoa hoc da khong ngiing nghién ctu tng dung
két qua nay cho muc dich bao vé va xu 1y moi
truong.

Song song véi viéc nghién ctu trién khai ap
dung mang TiO, vao thuc t€, viéc nghién citu
co ban vé phan ting quang héa va phuong phap
tao nén mang bén viing & di€u kién thuong van
rat can thiét va dang 1a muc dich theo dudi ctia
nhiéu nha khoa hoc trén th€ gidi.

TiO, da dugc st dung & dang bot ciling nhu
6 dang mang. Mac du TiO, dang bot c6 ciu
tric anatas dugc coi 1a cé hoat tinh cao nhat
cho nhiéu phan tGng quang xuic tic khac nhau,
nhung vén dé han ché dé c6 thé 4p dung thuc
tién 12 phai tach loai ching ra khoi moi trudng

sau phan tng. D€ khic phuc nhuoc diém trén
nguoi ta da tién hanh ché tao mang TiO, trén
cac dang d€ mang khac nhau [3, 4], ngoai ra
con dua thém mot s6 cac oxit kim loai khac vé6i
ham luong nhd cing véi TiO, nhdm tang hoat
tinh cla mang trong dai phé 4nh siang va thuan
loi trong viéc thu hoi va tdi sinh xuc tac.

Chiing toi da thanh cong trong viéc ché tao
cac mang TiO,/ d€ kinh theo phuong phép sol-gel
tai phong thi nghiém. Trén cdc mang nay chiing
toi da tién hanh nghién citu anh hudng ctia mot
sd yéu t6 nhu néng do phenol, kich thudc hat
TiO, va chat pha thém ZnO dén hoat tinh quang
xuc tac khir phenol trong moi trudng nude.

IT - THUC NGHIEM
1. Ché tao cac dang mang

a. Nguyén liéu dung cho tao mang TiO,

Bot TiO, thuong mai ky hiéu ST-01 (Nhat
Ban) c6 kich thudc hat trung binh 7 nm va dién
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tich bé mat 138 m*/g va TiO, Degussa P,5 (Diic)
c6 kich thuéce hat trung binh 25 nm va dién tich
bé mat 50 m*/g.

- Cac hoéa chat khac nhu tetrabutyl ortho
titanat, isopropanol, oxit kém (Trung Qudc).

b. Quy trinh tao sol va mang mong TiO, trong
suot (sol-gel)

Dinh lugng tetrabutyl ortho titanat (TBOT)
hoa tan trong isopropanol (IP), dung dich thu
dugce ky hiéu la DI. Sau d6 cho thém hop chat
amin vao trong dung dich DI va khuay cho tan
hoan toan. Dung dich sol thu dugc phai trong
sudt, ky hiéu 1a TiD. D€ tao mang TiO, trén d&
mang ta dung dung dich TiD (theo phuong
phdp nhing pht), sau khi dé 16p phu kho, dem
sdy kho mang & 100°C trong 1 gid va nung &
550°C trong 1 gio.

c. Tao mang TiO, tu bot TiO, thuong mai ST-01
va P,s trén cdc dé'kinh
Ngoai viéc tao mang TiO, tir sol, chiing toi
con tién hanh tao mang TiO, tir dang bot thuong
mai san c6 nhu ST-01, P, trén d€ kinh. Sau qua
trinh xtr Iy nhiét phai dam bao dugc do bam dinh
cua cac nguon TiO, thuong mai trén d€ kinh.

d. Kiém tra tinh chdt vdt 1y ciia cdc dang mang
dd ché'tao

Cic mang TiO, duoc dac trung bang hai
phuong phdp chinh 1a quang phé Raman va
kinh hién vi luc nguyén tir .

Phé Raman ctia cac miu dugce do tai nhiét
do phong trén mdy vi quang phé Raman
LABRAM-1B (JOBIN-YVON, Phép). Anh hién
vi luc nguyén tir duoc chup trén mdy hién vi luc
nguyén tu AFM3.

2. Hoat tinh quang xtc tac cua mang TiO,
trong phan tng khir phenol

Thi nghiém duogc ti€n hanh & nhiét do
phong trong binh phan tng dang hinh hop chit
nhat cé kich thude 7,5 x 20 % 2 (cm) duoc lam
tit thlly tinh pyrex, c6 chita mang xic tic (mang
TiO, dang trong lam tir sol, dang duc tir ST-01,
P,5 va ST-01 + 5%Zn0O) va dén UV (deén thuy
ngan UV spechonic BLE (USA) 8 W c6 cuong
do cuc dai & bu6c séng 365 nm). Thé tich dung
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dich trong moéi 1an phan dng 1a 80 ml. Do day
cta Ip chat 1ong 1a 6 mm.

Trudc khi chi€u dén dung dich duoc suc
khong khi trong thoi gian 30 phiit dé phenol
héap phu bao hoa trén bé mat mang TiO,. Trong
qua trinh phan ng mau dugc 1ay ra theo timg
thdi diém dé phan tich cac chi tieu COD va
néng do phenol dé ddnh gid hiéu qua quang xic
tac cta ting dang mang TiO,.

Phenol dugc phan tich bing phuong phap so
mau trén mdy DR-2000 (HACH) véi chat hién
mau 4-amino antipirine & budc séng 510 nm va
phé UV-vis dugc xdc dinh trén mdy JASCO-
V530 (Nhat) véi su hién dién ctia 2 pic dac trung
cho phenol & budc séng 212 nm va 267 nm.

Chi s6 COD duoc xdc dinh bang phuong
phdp Bicromat trén may so mau DR-2000 &
budc séng 600 nm.

Do chuyén héa phenol:

Otphenol (%) = (C 0 C t)'lOO/C 0
Trong d6: C ,1a ndng do phenol ban dau (thoi
diém 0), C, 1a nong do phenol & thoi diém khao
sat, oo 1a do chuyén héa.

Toc do phan tng dugc xdc dinh theo
phuong trinh bac 1 biéu kién theo phenol

R=1In(C,/C, =kt

Trong dé: k 1a hing s6 toc do biéu kién, t 1a thoi
gian phan tng.

111 - KET QUA VA THAO LUAN

1. Két qua tao mau
Bang céc phuong phép tao mang trén chiing
toi da tao dugc mot s6 mang sau:
- Mang TiO, trong su6t (sol-gel).
- Mang TiO, (ST-01): di tir nguyén liéu ST-01.
- Mang TiO, (P,s): di tir nguyén liéu P,s.
- Mang TiO, (P,5) + 5% ZnO: di tu nguyén
liéu P,5 va ZnO.
2. Két qua quang pho Raman va kinh hién vi
luc nguyén tir (AFM)

Cac hinh duéi day 1a két qua thu duoc trén
mang TiO, dang sol va ST-01.



Hinh 1 va 2 1a phé tdn xa Raman cua 2
dang mang: mang lam tur sol va mang lam tir
ST-01. Hai dang mang trén déu qua cidc khau
x ly nhiét nhu nhau. Qua hai phé thu dugc va
so voi ph6 chuén ta nhan thay TiO, ton tai &
dang anatas dong thdi khong bi 1an tap cac pha
khéc, diéu nay pht hgp véi muc dich dat ra.
V6i mang TiO, (P,s) cling c¢6 phd TiO, dang
anatas tuong tu.

Hinh 3 1a anh hién vi luc nguyén tlr cia miu
mang TiO, diéu ché tir dang sol trén d€ kinh, qua
anh ta thay duoc do go ghé cua bé mat mang va
kich thudc hat trung binh khoang 75 nm.
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Hinh I1: Phé Raman ctia mang TiO,
lam tir bot ST-01
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Hinh 2: Phé Raman clia mang mong
TiO, trong suot

Hinh 3: Anh AFM ctia mang mong TiO,
trong sudt

3. Anh huéng ciia nong dé phenol ban dau

Anh hudng cha néng do phenol ban déu
dén do chuyén héa phenol dugc dua ra trén
hinh 4, 5, 6 trén 3 dang mang TiO, .Nhin vao
hinh nay ta c6 thé thay Ia khi néng do phenol
giam thi do chuyén héa ting vé6i cac miu duoc
tién hanh cung diéu kién phan tdng. Diéu nay cé
thé dugc giai thich nhu sau: Trong diéu kién
chiéu sang biang mot loai den UV khong ddi c6
nghia 12 s6 photon phat ra 1a khong déi, khi
nong do phenol tang c¢6 nghia la mat do céc
phan tr phenol trong dung dich tang, dan dén
cuong do tia chi€u khi truyén t6i cdc tam xdc
tic TiO, giam do d6 anh hudng truc ti€p dén
hiéu qua quang xuc tac. Nhu vay trong trudong
hop nay nong do phenol thich hop nhat trong
khoang 50 - 70 mg/I.
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Hinh 4: D06 thi biéu dién anh hudng clia nong
do phenol 1én hoat tinh cia mang TiO, (P,s)
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Hinh 5: D6 thi biéu dién 4nh hudng clia nong
do phenol 1én hoat tinh cia mang

4. Anh huéng cua kich thudc hat TiO,

Hoat tinh quang xiic tdc cta cdc mang TiO,
duge ché tao tir TiO, cac dang bot thuong mai va
mang ché tao theo phuong phdp sol-gel ¢6 su
khéc nhau.

K&t qua nghién cttu anh hudng cua kich
thude hat TiO, dén hoat tinh quang xuc tac trong
phan tng phan hiy phenol dugc dua ra trong
bang 1.

Céc so0 liéu trong bang 1 cho thay téc do
phan huy phenol sau 60 phit phan ting do6i véi

TiO, (Pys) + 5% ZnO
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Hinh 6: D6 thi biéu dién anh hudng clia nong
do phenol 1én hoat tinh cia mang
TiO, (sol-gel)

cac mang TiO, cé kich thudc hat khic nhau
thay déi rat khdc nhau, trong d6 mang TiO, ché
tao tr bot TiO, ST-01 c6 t6¢c do cao nhat gip 2
lan so v6i TiO, P,s va 3 1an so v6i mang TiO,
sol-gel. Nhu vay trong phan tng nay kich thudc
hat ¢c6 anh hudng rat 16n dén hoat tinh quang
xtc tdc. Kich thudc hat cang nho, hoat tinh
cang cao. Diéu nay kha phi hop véi nhiing két
qua nghién ctu truée day cua céc tac gia [1, 3]
va da duoc giai thich bdi cdc hiéu Gng bé mat,
d6 phan tan xic tac va hiéu suat lugng tir cla
céc hat c6 kich thuéce khac nhau.

Bdng 1: Két qua xac dinh anh hudng cua kich thuée hat (ndng do phenol 72 mg/1)

Dang mang TiO, Kich thudc hat Toc d6 phan hay riéng phenol sau 30 phiit
(nm) (mg/phut.g TiO,)
sol-gel 75 2,79
P-25 25 4,74
ST-01 7 10,37

5. Anh hudng cua viéc dua thém ZnO

Viéc dua thém cac kim loai phu gia vao hé
TiO, nham muc dich tang hoat tinh cla xc tac
trong dai pho rong clia 4nh sing da dugc
nghién ctu v6i kim loai kém. K&t qua nghién
cttu duge trinh bay trong bang 2.
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6 bang 2 ta nhan thdy viéc dua thém ZnO két
hop v6i TiO,, da lam tang hoat tinh quang xtic
tac trong phan tng khir phenol. Sau 3 gi¢ phan
ting, hau nhu phenol chuyén héa trén 99% trong

truong hop c6 pha thém 5% ZnO vao hé xic tic,
do giam chi s6 COD ciing tang. Tuy vay su tang
hoat tinh nay khong ro rét, ca 2 thong so6 chi tang
khoang 5%.

Bdng 2: Két qua xac dinh anh hudng cta viéc dua thém ZnO

Mang TiO, (P,5), nong do phenol ban Mang TiO, (P,s) + 5% ZnO, nong do
t dau 72,0 mg/1 phenol ban dau 73,1 mg/l
(phut)
phenol phenol
0 72 197 73,1 179,8
30 51,7 28,19 182 7,61 59,2 19,02 164,9 8,29
60 45,5 36,81 160 18,78 47,2 35,43 142,5 20,75
90 244 66,11 133 32,49 30,7 58,00 122,7 31,76
150 16,9 76,53 88 55,33 8,2 88,78 70,6 60,73
210 2,3 96,81 433 78,02 0,05 99,93 30,9 82,81

Viéc tim hiéu vai tro ctia ZnO s& duoc
ching t6i ti€p tuc nghién ctu trong nhiing
cong trinh t6i & nhitng dai phé anh sing khic
nhau.

IV - KET LUAN

ba ch€ tao thanh cong mang TiO, theo
phuong phap dé lam, ré tién va c6 do bén cao.

Cic dang mang TiO, déu cé hoat tinh
trong phan tng khut phenol.

Da nghién ctu cac thong s6 anh hudng dén
hiéu qua quang xuc tac: kich thude hat TiO,,
nong do phenol ban diu, kim loai pha thém
Zn0 vao hé TiO,.

Nong do phenol thich hop cho phan tng
la 50 - 70 mg/l.

Kich thuéc hat cang nho hoat tinh cang
cao.

Kim loai pha thém ZnO lam tang hoat tinh
cua xic tic, nhung khong déng ké trong ving
anh sang UV.

Loi cam on: Nhom tdc gid trdn thanh cdm on su
hé tro cua Vién Khoa hoc va Cong nghé Viét
Nam, Vién Vit ly ting dung, Chuong trinh hé tro
nghién citu co ban KT-04 va Dé tai nghién ciiu co
bdn md s6'55.03.01.
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