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Abstract

The ordered mesoporous catalytic materials xCu-30Ti-SBA-15 synthesized by sol-gel method, using Cu(NO3),,
tetra isopropyl orthotitanate (TI1OT) as precursors of Cu and Ti. In the preparing materials process, Cu(NQOjz), and TIOT
were calculated theoretically to obtain some photocatalysts of xCu-30Ti-SBA-15 (x and 30 as weight percent of CuO
and TiO, in materials, respectively). The pH changing on the gel forming in neutral media (pH = 7.0) was made benefit
conditions for doping Cu?* in the matrix of TiO,/SBA-15, therefor decreasing strongly band-gap energy of TiO,, in the
results of transforming excitation light for synthesis materials. A set of xCu-30Ti-SBA-15 catalysts prepared was
characterized by some physical techniques such as adsorption/desorption isotherm nitrogen (BET), XRD, UV-Vis DRS.
Their photocatalytic activities were exhibited by percentages of transformation for phenolic in water under different

excitation light sources (UV, halogenium).

Keywords. Photocatalyst, synthesis, doping, degradation, characterization.

1. MO PAU

Trong nhitng nim gan day, nhiéu bai bao cua
nhiéu nhom nghién ctru trong va ngoai nudc da cong
bd nhimng két qua nghién ciru vé vat liéu TiO, bién
tinh boi cac nguyén té phi kim, kim loai qui va cac
oxit kim loai chuyén tiép. Diéu dang dugc quan tam
nghién ctru d6 l1a kha nang ung dung cac vat li€u xtc
tac TiO, bién tinh dudi anh sang kha kién. Piéu do
s& gop phan vao viéc _giam chi phi xtr 1y khi so sanh
véi viée st dung nguon sang dén UV.

D3 c6 mot sd cong trinh nghién ciru tong hop
cac vat lieu TiO, duge bién tinh bdi CuO va mot sd
nguyén t6 khic bang cic phuong phap tim, phuong
phap két tua, phuong phép sol-gel.... Nhitng vat liéu
thu duoc da duge tmg dung lam xuc tac dé phan huy
nudc hay metanol dé diéu ché H, [1], phan huy
quang hoa xtc tac dé xir 1y cac hop chit mau bén
vitng (da cam 1l (AO7)) [1-3], cac hop chit phenol
trong mdi truong nuéc [4] va ca thube diét co
(paraquat) [5]). Tuy nhién, cho tdi hién nay van chua
c¢6 nhiéu bai bao cong bd két qua téng hop vat liéu
TiO,/SBA-15 duoc bién tinh boi CuO theo phuong
phép sol-gel. Ngoai ra, viéc téng hgp xic tac
TiO,/SBA-15 dugc cdy ghép thém cac nguyén tb,
kim loai qui hay oxit kim loai chuyén tiép vao mang
ludi cua TiO,/SBA-15 trong moi truong axit manh

gip rat nhidu kho khan [6]. Do vay, trong nghién
clru ndy, ching toi di tién hanh téng hop vt liéu
XxCu-30Ti-SBA-15 biang phuwong phap sol-gel, két
hop véi diéu chinh pH dé tao thuan loi cho qué trinh
bién tinh TiO,/SBA-15. Qui trinh tong hop da dugc
nhém tac gia cong bd trong bai bao [6]. Cac mau
xuc tac tong hop duogc s& duoc nghién ctru dic trung
cdu trac va duge st dung 1am xuc tac dé phan hay
quang hoa phenol trong moi truong nudc.

2. THUC NGHIEM
2.1. Téng hop vit liéu

Céc hoéa chat chinh dugc sir dung trong qua trinh
téng hop vat lidu xCu-30Ti-SBA-15 nhu sau: TEOS
(tetra etyl ortosilicat), TIOT (tetra isopropyl
ortotitanat), P123 (triblock copolymer Pluronic 123)
(chat dinh hudng cdu tric), Cu(NOs),.3H,0. Qua
trinh téng hop vat liéu da dugc mo ta trong bai bao
[6]. C6 thé tom tat qua trinh tong hop vat liéu nhu
sau: Nho tur tir 2,6 g (2,8 mL) TEOS vao 50 mL dung
dich HCI 1M chira 0,87 g P123 va 1,46 g NaCl dang
dugc khudy trén may khudy tir & 35-40 °C, tiép tuc
khudy 24 gio dé tao gel SBA-15. Sau d6, mot luong
TIOT va Cu(NOs), trong etanol dugc nho vao hon
hop chira gel SBA-15, tién hanh thuy phan TIOT
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trong 6 gio, sau d6 gia héa hon hop & 100 °C, trong
24 gio. Hon hop sau d6 duoc diéu chinh pH dén 7,0
bang NH; 25 % va tiép tuc gia hoa 24 gio & 100 °C.
Sau khi tién hanh loc, rira, siy va nung mau ¢ 550 °C
trong 6 gio (2°/pht), co thé thu duge cac vat lidu ki
hiéu 1a xCu-30Ti. Trong bai b&o nay, chiing t6i tong
hop cac vat liéu xCu-30Ti-SBA-15 (trong cic mau
vat lidu tong hop chtra ti 1¢ phan tram theo khoi luong
cua TiO, va CuO tuong ung la 30 % va x % (x = 1,0;
2,0; 3,0; 4,0; 5,0; 7,5; 10,0; 12,5; 15,0). Két qué thu
duoc cac mau vat liéu duge ki hiéu twong tmg la 1Cu-
30Ti, 2Cu-30Ti, 3Cu-30Ti, 4Cu-30Ti, 5Cu-30Ti,
7,5Cu-30Ti, 10Cu-30Ti, 12,5Cu-30Ti va 15Cu-30Ti).

2.2. Cac phwong phap vat ly nghién ciu dic
trung xtc tac

Céac miu xuc tac dugc xac dinh thanh phan pha
bang gian d6 nhidu xa tia X (D8—ADVANCE -
Bruker) tai Khoa Hoa hoc, Truong Pai hoc KHTN —
DHQG Ha Noi.

Quang phd UV-Vis mau ran duoc xac dinh trén
may U-4100 Spectrophotometer (Solid) tai Khoa
Hoa hoc — Truong Dai hoc Su pham Thai Nguyén.

Dién tich bé mit riéng va kich thuéc mao quan
dugc xac dinh bang phuong phap hip phu, giai hap
phu dang nhiét N, (BET) trén méy TriStar 3000
V6.07A tai Khoa H6a hoc, Truong Pai hoc Su pham
Ha Noi.

Hinh thé hoc vat liéu dugc xac dinh béng kinh
hién vi dién tir truyén qua (TEM) trén thiét bi Tecnai
G?20 tai Khoa Dia chat - Truong Pai hoc KHTN —
Pai hoc Qubc Gia Ha Noi.

2.3. Phwong phap xac dinh phenol trong dung
dich nwéc (CsHsOH)

Phenol trong nudc dugc xac dinh theo TCVN
6216:1996 str dung phuong phap tric quang UV-Vis
(mdy UV1700-Shimadzu tai Khoa Hoéa hoc —
Truong Pai hoc Su pham — Dai hoc Thai Nguyén),
mau dugc pha lodng trong gidi han duong chuin va
do d6 hap thu quang phén tir & budc soéng 510 nm.

Phenol tao phim mau antipyrin voi 4-
aminoantipyrin & pH = 100,2, vdi sy c6 mat cua
Ks[Fe(CN)s]. Pham mau nay hap thy anh sang &
budc song 510 nm. Dya vao phuong trinh dudong
chuin va gia tri 46 hap thu quang phan tir do duoc,
c¢6 thé xac dinh dugc nong do phenol trong dung
dich nudc.

3. KET QUA VA THAO LUAN

3.1. Pac trwng cau truc vat liéu xuc tac

Vii Van Nhwong va cong sy

Két qua thu dugc trén hinh 1A cho thdy, cAc mau
vat liéu tong hop xCu-30Ti-SBA-15 déu xuit hién 3
dinh pic dac trung trong vung goc hep ctia hé vat
liéu mao quan trung binh trat ty SBA-15. Piéu nay
chung to rang, khi cdy ghép dong thoi TiO, va CuO
vao mang ludi cua SBA-15, cAu trac, hinh dang mao
quan dugc bao toan [6].

Céc gian d0 nhidu xa tia X trén hinh 1B cho thay
su xuit hién cac dinh pic nhiéu xa dic trung cla
TiO; dang anata (25,3°) va dang rutin (27,4°). Dya
vao cong thuc xac dinh % pha anata (% pha anata =

100
1+(1:/0,791,)
cac mau vat liéu tong hop dao dong trong khoang 46-
53 % [7]. Su xuét hién pha rutin c6 thé 1a do viéc cdy
ghép thém Cu®* vao mang ludi ctia TiO/SBA-15 gay
ra hodc xay ra sy chuyén pha khi nung vt liéu & nhiét
dd cao tir 400-1200 °C [8].

Ngoai hai pha dic trung cho tinh thé TiO, trong
ving goc nhiéu xa 16n, khong xuat hién pic dic
trung cho tinh thé CuO trong 7 mau vét lidu tong
hop tir 1Cu-30Ti dén 10Cu-30Ti, ching to rang Cu®*
dd duogc phén tan rat tot trén bé mat titania [5]. Tuy
nhién, xuit hién hai dinh pic nhiéu xa dic trung cho
tinh thé CuO tng véi 2 gbc nhidu xa 35,5° (mat 002
hodc 111, d =2,523 A) va 38,7° (mat 111, d = 2,323
A°) trén hai mau vat liéu 12,5Cu-30Ti va 15Cu-30Ti
[9] (tin hiéu nhidu xa rat yéu va manh tuong Gng
trén hai mau vat liéu 12,5Cu-30Ti va 15Cu-30Ti).
Su xuét hién cac pha tinh thé ctia CuO c6 thé anh
hudng tédi hoat tinh xuc tac trén hai mau vat liéu nay,
nguyén nhan 1a 1am giam kha nang hip thu anh sang
cua vat liéu.

Dua vao gian dd nhidu xa tia X cta cac mau vat
lidu tong hop, co thé xac dinh dugc kich thudc hat
trung binh cua cac hat TiO, va Cu-TiO, trong cac
mau vt liéu dua theo phuong trinh Debye-Scherrer
[8], két qua dugc thé hién trong bang 1 dudi day.
Nhin chung, kich thude hat TiO, va Cu-TiO, trung
binh cia cac vét liéu tong hop dao dong trong
khoang tir 7,8-11,3 nm.

Két qua phan tich anh kinh hién vi dién tir truyén
qua (TEM) cho théy, ca hai mau vat liéu 5Cu-30Ti
va 12,5Cu-30Ti déu c6 chu trac mao quan trung binh
dong déu dang lyc lang va c6 thanh mao quan day
(hinh 2A, D), cic mao quan dugc xép thanh cac dai
song song (hinh 2B, E). Két qua nay phu hop voi két
qua phéan tich XRD goc nho. Bén canh d6, ¢6 thé thiy
tap hop cac hat nano Cu-TiO,, TiO, nim phia ngoai
hé thdng mao quan ciia SBA-15 (hinh 2C, F). S¢ di
xuat hién tap hop cac hat Cu-TiO,, TiO, nim bén
ngoai mang ludi SBA-15 la do: trong qua trinh gia
goa gel, mot phan Ti** va Cu?* da duoc ciy ghép vao
mang luéi SBA-15; phan TIOT va Cu® con du bi

), ¢6 thé x4c dinh duoc % anata trong
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thuy ph?m hoan toan sau khi didu chinh pH cla hdén 14 tao ra cac cum hat nano nim phia ngoai mang luéi
hop dén pH = 7,0 bang dung dich NH; 25%, két qua  SBA-15.

Bdng 1: Kich thuéc trung binh cta cac hat TiO, va Cu-TiO, trong cac mau vat lidu tong hop

Miu vat lidu 1Cu- | 2Cu- 3Cu- 4Cu- 5Cu- 7,5Cu- 10Cu- 12,5Cu- 15Cu-
A 30Ti | 30Ti 30Ti 30Ti 30Ti 30Ti 30Ti 30Ti 30Ti
Kich thudc hat
TiO, va Cu-TiO, | 11,31 | 9,04 | 10,25 7,95 7,84 8,02 9,92 8,75 8,49
trung binh (nm)
Anata
140009 A 15Cu-30Ti 1200 Rutin ¢yo (B)
120001 ( ) 1000 _%
10000 - l M(]-SCUGOTD
800 _WM 12’scu-30Tl)
7 8000 - 1Cu-30Ti _ M/\M(mm-smi)
% 6000 - g MU'SCMOTD
& F M (5Cu-30Ti)
4000 400 \j\'L“‘\N% (4Cu-30Ti)
M (3Cu-30Ti)
2000 | 200 W (2Cu-30Ti)
(1Cu-30Ti)
05 1 15 2 25 3 35 4 45 5 20 30 40 50 60 70
2-Theta Scale 2-Theta Scale

Hinh 1: Gian db nhiéu xa tia X (XRD) tai goc quet nho (A) va tai goc quét 16n (B)
cua cic mau vit liéu xCu-30Ti-SBA-15

Hinh 2: Anh kinh hién vi dién tir truyén qua (TEM) ctia hai mau vat liéu 5Cu-30Ti (A-C) va 12,5Cu-30Ti (D-F)

Két qua phan tich hap phu, giai hap phu ding  song song trong vung ti 1¢ ap suat twrong ddi p/p tur
nhiét N (hinh 3) cta bén mau vat liéu tong hop cho  0,7-0,9. Piéu nay cho phép khang dinh cac mau vat
thdy, cac duong hip phu va giai hip phu co6 dang liéu c6 duong cong hdp phu, giai phip phu déu

726



TCHH, 53(6), 2015

thudc dang 1V, kiéu H1 theo phan loai cua IUPAC
dac trung mao quan trung binh dang luc laing P6mm
[6]. Tuy nhién, trong khoang ti 1¢ 4p suét twong ddi
p/p° tir 0,9-1,0, trén ca 4 mau vat liéu, cac duong

Vii Van Nhwong va cong sy

hap phu va giai hip phu N, déu co sy tré, didu nay
c6 thé 1a do c6 sy xuat hién ciia cac mao quan co
kich thudc 16n trong cac vat li¢u.

Isotherm Linear Plot
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Hinh 3: Gian d6 hip phu, giai hip phu dang nhiét N, ctia cac mau vat lidu
5Cu-30Ti(A), 10Cu-30Ti(B), 12,5Cu-30Ti(C) va 15Cu-30Ti(D)

Bdng 2: Két qua phan tich hip phu, giai hip phu dang nhiét N, ctia bon mau vat lidu tong hop

Miu xiic tac Dién tich bé2 mat Thé tich r;lao quan Puong kinh mao quan
(BET) (m“/g) (cm®/g) trung binh (nm)
5Cu-30Ti 317,5 0,8568 10,79
10Cu-30Ti 298,73 0,8206 10,98
12,5Cu-30Ti 266,69 0,8146 12,22
15Cu-30Ti 261,78 0,8193 12,52

Tir két qua thu duge trong bang 2 cho thay, dién
tich bé mat BET c6 xu hudng giam, thé tich mao
quan giam khong dang ké, nguoc lai, dudng kinh
mao quan trong cac vat liéu twong ung tang. Khi so
sanh v6i két qua nghién ciru cia nhom tac gia Wen-
Ting Qiao va cong su [8] (vat liéu TiO,-SBA-15 ti 1€
Ti0,:SiO, = 40:60 c6 dién tich bé mat BET, thé tich
mao quan, duong kinh mao quan lan luot 1a 689
mZ/g, 0,75 CmS/g, 5,95 nm), két qua thu dugc cho
théy ¢6 su giam manh dién tich bé mit BET, thé tich

mao quan va dudng kinh mao quan ting manh khi
cay ghép thém Cu®** vao trong mang luéi ciia TiO,-
SBA-15. Dién tich bé mit riéng (BET) va thé tich
mao quan giam manh 1a do cé sy bit kin 16 mao
quan giy ra boi cac hat TiO, va Cu-TiO,. O day,
dién tich bé mat BET thap, c6 thé nguyén nhan
chinh 1a do c6 su gia tang mat dd cac hat TiO, va
Cu-TiO, trong cac kénh mao quan khi tong hgp mau
¢ pH = 7,0. Buong kinh mao quan tang la do sy lién
két sau cua lugng 16n cac dang Cu®*, Ti*" trong
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mang ludi SBA-15 gay ra [10].

Hinh 4 dudi day thé hién két qua phan tich pho
UV-Vis DRS ciia cac mau vat liéu téng hop. Tir két
qua thu duge, c¢6 thé nhan thdy riang c6 su dich
chuyén manh cua bo hdp thy anh sang sang ving
kha kién khi tang ham luong CuO tir 1,0 d&én 15,0 %
(> 400 nm). Cac vat liéu tong hop déu hip thu anh
sang trong vung budc song tu 400-600 nm. Tuy
nhién, mau vat liéu 15Cu-30Ti c6 su dich chuyén
xanh so v6i hai mau vat liéu 10Cu-30Ti va 12,5Cu-
30Ti. biéu nay co thé 1a do sy xuét hién cta cac hat

Absorbance (a.u.)

Téng hop, dac trung cau tric vat liéu...

tinh thé CuO di lam giam kha nang hap thu anh sang
cua vat liéu.

Tir két qua phd UV-Vis ran c6 thé xac dinh duoc
ning luong ving cim cua TiO, trong cac miu vt liéu
téng hop theo phuong trinh Eg = 1240/Ag nép thy- Két
qud thu dugc trong bang 3 cho thay, céc vat liéu bién
tinh déu c6 ning luong ving cdm giam manh so voi
TiO, anata (3,2 eV), giam manh nhét 13 cac miu
12,5Cu-30Ti va 10Cu-30Ti. Do nang luong ving
cAm giam manh nén cac vét liéu téng hop s€ hoat
dong xuc tac hiéu qua dudi anh sang kha kién.

12,5Cu-30Ti
10Cu-30Ti

15Cu-30Ti
7,5Cu-30Ti

5CU-30Ti
4Cu-30Ti
3Cu-30Ti
2Cu-30Ti
| 1Cu-30Ti

200 300 400 500

Wavelength (nm)

600 700 800

Hinh 4: Ph6 UV-Vis DRS cta cic miu vt lidu tong hop XCu-30Ti-SBA-15

Bdng 3: Két qua nang luong viing cAm cuia cac mau vat liéu tong hop

X, 1Cu- 2Cu- 3Cu- 4Cu- 5Cu- 10Cu- 12,5Cu- 15Cu-
Mauxictic — oom o1 301 30Ti 30Ti (°CUS0T ooy 30Ti  30Ti
Nang luong 288 287 28 269 258 2,43 2,25 2,14 2,53

ving cAm (eV)

3.2. Khé ning xUc tac cia cdc vét ligu xCu-30Ti-
SBA-15 doi voi qua trinh phin hily quang hoéa
phenol trong méi truong nude

Céc thong s6 tién hanh thuc nghiém duoc mo ta
nhu sau: 250 mL dung dich phenol nong d6 khoang
100 ppm (pHpan ¢au = 5,5), 0,10 g xdc tac, 0,60 mL
H,0, 30%, sir dung cic ngudn sang kich thich: dén
UV, dén halogen, dung dich NaOH 0,5 M va HCI
0,5 M dugc st dung dé diéu chinh pH ctia dung dich
phenol.

3.2.1. A7;’1h hieong ciia nguon sang kich thich va ti 1é
CuO bien tinh

Két qua nghién clru anh huong cua hai ngudn
sang kich thich (nguén UV (10W — Dai Loan) va
nguon halogen (500W — Trung Quoc) thu duogc trén

hinh 5A-B cho thiy rang ca hai loai ngudn sang nay
déu co kha ning kich hoat t6t cho 5 mau xtc tac thir
nghiém (5 mau dai dién c6 hoat tinh cao). Do
chuyén héa phenol déu ting nhanh trong khoang 120
phut, sau d6 tang cham lai va co thé dat trén 98 %
sau 180 phit chiéu sang.

Dudi ngudn sang dén UV, vat liéu 10Cu-30Ti ¢6
hoat tinh quang xtic tic manh nhit va yéu nhat 1a vat
liéu 15Cu-30Ti, 3 mau xic tac con lai co hoat tinh
glong nhau Hoat tinh quang xuc tac cta cac mau vat
lidu duogc sap xép theo trat tu: 10Cu-30Ti > 5Cu-30Ti
~7,5Cu-30Ti= 12,5Cu-30Ti > 15Cu-30Ti.

Dudi ngudn sang dén halogen, hoat tinh quang
xlic tc cla cac mau vat liéu giam theo thu ty sau:
5Cu-30Ti > 10Cu-30Ti ~ 7,5Cu-30Ti > 12,5Cu-30Ti
> 15Cu-30Ti.

Két qua nghién ctru trén ciing cho thay hoat tinh
quang Xuc tac cua cac mau vat liéu phu thudc nhiéu
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vao ti 1€ cia CuO bién tinh. O day, vai tro cia Ccu®
trong cic mau xuc tac duge cho 1a c6 kha ning bay
hiéu qua cac e va h* quang sinh, dan t&i lam giam
kha ning tai két hop cua cic cip e-h* nén hoat tinh
quang xuc tac ting. Ham luong Cu® trong cdc mau
xUc tac tang téi gidi han nhat dinh thi hoat tinh

——5Cu-30Ti -#-7,5Cu-30T1 10Cu-30Ti

12,5Cu-30Ti

15Cu-30Ti

100

4 chuyen haa
)
fe=]

Do
—_— D !
SR

L L

[}

0 30 60 90 120
Thoi gian (phut)

150 180

Vii Van Nhwong va cong sy

quang xtc tac ting. Tuy nhién, néu ham luong Cu®*
qua cao dan téi hoat tinh quang xtic tic giam. Két
qua nay 1a boi vi c6 su giam kha ning hip thu anh
sang gy ra boi cac hat CuO che chin va sy xuit
hién ctia CuO* s& tao thuan loi cho viéc tai to hop lai
cua céc cip e-h" quang sinh [5].

=4—=5Cu-30Ti —=7,5Cu- 30Ti

100 -
90 -
Fs80 -

=70 -

10Cu- 30Ti ==12,5Cu - 30Ti =+=15Cu- 30Ti

=7

(B)

0 30 60 90
Thei gian (phiit)

120 150 180

Hinh 5: D6 chuyén hoa phenol trén 5 mau xiic tac dudi sy chiéu xa clia 4nh sang dén UV (A) va
deén halogen (B) tai pHps = 5,5

3.2.2. Anh hwéng ciia pH méi trieong

Két qua nghién ctru anh huéng cua pH moi
truong dén hoat tinh quang xc tac cua cac miu vt
lidu tong hop (hinh 6A-B) da cho thiy do chuyén
hoa phenol trén miu xuc tic 10Cu-30Ti cao nhit
trong khoang pH tir 3,5-5,5 (dudi anh sang UV) va
3,5 — 4,5 (dudi anh sang halogen). Khi ting pH moi

~—pH=2,0 —W-pH=2,5 —4-pH=3,5 —==—pH=4,5 —=pH=55 -8-pH=7,5
100 4

[ R S R e I R =]
S D o D o o O
I I I L

Dé chuyén haa phenol (%)

0 30 60 90
Thei gian (phut)

120 150 180

Dé chuyén héa phenol (%o)

truong 1én ving trung tinh hodc kiém va giam pH
xudng ving axit manh (pH < 2,5), d6 chuyén hoa
phenol trén miu xtc tic nghién ctru déu giam, dic
biét gidm manh trong vung pH < 2,5. Do vay, vung
pH axit yéu (3,5-5,5) thuan logi nhét cho viéc phan
hay quang xuc tac phenol trén cic mau vt liéu tong
hop.

~#=pH=20 ~@=pH=25 =s=pH=35 ==pH=45 =#=pH=355 <@~pH="75
100

90
80
70
60
50
®)
30
20

10

0 30 60 90
Thei gian (phut)

120 150 180

Hinh 6: D6 chuyén hoa phenol trén mau 10Cu-30Ti tic dudi sy chiéu xa ctia anh sang dén UV (A) va
dén halogen (B) tai cac gia tri pH moi truong khac nhau

4. KET LUAN

) Cac mau vat liu xtc tac TiO,/SBA-15 duoc
bién tinh boi CuO (ki hi¢u la xCu-30Ti) da dugc
tong hop thanh cong theo phuong phap sol-gel, két

hop véi viéc diéu chinh pH tao gel (chinh pH = 7,0
bang NH; 25 %). Két qua phan tich dic trung cu
trac vat liéu di cho phép khang dinh viée ciy ghép
dong thoi TiO, va CuO vao mang ludi SBA-15 da
khong 1am thay d6i hinh dang, cu trac ciia SBA-15.
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Tuy nhién, do xuit hién cac hat TiO,, TiO, duoc
bién tinh va CuO di 1am giam manh dién tich bé mat
BET, giam thé tich mao quan, ting dudng kinh mao
quan va xuat hién cdc mao quan 16n trong cac vt
liéu. Viéc bién tinh TiO,/SBA-15 boi CuO di lam
dich chuyén manh Vung anh sang kich thich cua cac
vat liéu tong hop, giap cho chung c6 kha nang hoat
dong quang xuc tac t6t dudi anh sang kha kién. Nho
su xuat hién cac tac nhan biy ¢ va h* (do cac ion
cu® trong mang ludi vat liéu dam nhiém) da lam
cho cac vat liéu tong hop co hoat tinh quang xuc tac
manh dudi ca anh sang den UV va dén halogen. Do
chuyen hoéa phenol trén cac mau xiic tic tong hop cd
thé dat toi trén 98 % sau 180 phut chiéu sang dudi
hai ngudn sang nghién ciru va trong khoang pH axit
yéu (pH = 3,5-5,5). Két qua nghién ctru di gop phan
trong viéc tong hop nhitng vat lidu xtic tac méi trén
co s¢ TiO,/SBA-15 dugc bién tinh bdi CuO va hita
hen kha ning tng dung trong thuc tién dé xir 1y cac
hop chét phenol ciing nhu cac chét hitu co bén viing
trong moi trudong nudc.
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