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SUMMARY

In this study, MgO loaded TiO, Degussa P25 powders were prepared by wet impregnation
with difference of Mg amount content (i.e 0.5-10%). X-ray patterns studies have not proven the
new phases in the MgO loaded TiO, catalysts as well as BET and SEM studies have not shown the
change of its particle size and specific surface area in compared with initial TiO,. The PZC
values of TiO,-Mg samples were higher than that of TiO,-P25 and increased with the
enhancement of Mg amount. The higher the PZC values were, the lower the saturated adsorption
of TiO, surface to phenol was, because of the basicity of MgO and the negatively charged catalyst
surface. The photocatalytic degradation of phenol by using MgO loaded (0.5-10% wiw in Mg)
TiO, catalysts has been studied. Catalyst with ~1% w/w Mg content shows a better catalytic
behavior than non-loaded TiO,. If the Mg amount was increased more than 1%, the activity of Mg
coated TiO, decreased. The MgO enhancement of photocatalytic activity of TiO, with optimal
content ~1% Mg under UV-Visible light may be due to the ability of trapping of photogenerated

electron of MgO.

- MO PAU

Thoi gian gan day, cac nha khoa hoc da tap
trung nghién cttru nham nang cao hoat tinh chat
xdc tdc quang TiO, két hop v6i ngudn nang
luong mat troi. Mot trong nhitng huéng nghién
cttu 12 bién tinh TiO, dé c6 thé gidm nang lugng
vling tréng nham md& rong su hap thu dnh sdng
vé viing kha kién hoac giam tdc do tai két hop
cap 16 trong va electron quang sinh, tao diéu
kién thuan lgi cho qua trinh tao goc tu do OH¥,
tdic nhan oxi héa rat manh cho cdc phan tng
phan huy chit hitu co [1].

Viéc bién tinh xuc tac TiO, bdi cédc ion kim
loai chuyén tiép da duoc nhiéu tdc gia dé cap va
mot sO cong trinh nghién ciru da dugce cong bo:

chat xdc tdc TiO, dugc bién tinh bdi cdc nguyén
to Cu, Ag, Fe, Ni, Pt, Pd, Zn, Zr, Cr, W, Ru... da
mang lai hiéu qua nhdt dinh trong phan Gng
phan hiy cdc chat hitu co [2 - 8]. Dic biét J.
Bandara va cong su nghién ctu di€éu ché hé
MgO/TiO, bing cdch tron bot TiO,-P25 véi
MgO va thuc hién phan tng phan huy 2,4-DCP
va axit 4-aminobenzoic véi tia UV [9].

Mic du ¢6 nhiéu nghién ciu bién tinh TiO,
bdi cdc nguyén t6 khiac nhau nhung ciing chua
¢6 nhiéu cong trinh dé cap mot cach diy du vé
h¢ xic tdic Mg-TiO,. Vi vay trong nghién ctu
nay, chét xdc tdc quang TiO, bién tinh bsi Mg
duoc diéu ché bang phuong phap tim w6t TiO,-
P25 Degussa véi dung dich Mg(NO,), va tién
hanh nghién cdu cdc dic trung céu tric cla
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chiing cling nhu khao séit hoat tinh quang héa
trong phan ting phan huy phenol véi dnh sdng
UV-VIS.

I - THUC NGHIEM

1. Bién tinh TiO, v6i Mg

Bot TiO,-P25 Degussa (anatas = 80%, rutil
~ 20%, dién tich bé mat BET ~ 50 m?/g, kich
thuéc hat ~ 30 nm) dugc tdm bdi dung dich
Mg(NO;), v6i nong do cho trude sao cho ham
luong Mg trong chat xic tic dat 0,5; 1; 3; 5 va
10%. Hon hgp dugc khudy tron déu trong 2 gio,
sau d6 6n dinh 24 gio. Sdy kho mau & 110°C
trong 3 gio va nung & 450°C trong 3 gio. Chat
xuc tac duoc nghién min trude khi khao sat dac
trung ly-héa va hoat tinh cta chding. Mau so
sanh TiO,-P25 dugc tién hanh tuong tu nhu cac
diéu kién trén nhung khong c6 mat Mg(NO;),
trong dung dich tam.

2. Hé phan itng va nguon sang

Hoat tinh ctia chat xic tac TiO, bién tinh
duoc khao sat trén hé phan tng khong lién tuc
bang thay tinh pyrex, thé tich 150 ml, cao 160
mm, dudng kinh trong 42 mm. Pén halogen
150W (OSRAM HLX) c6 budc song tir 360 dén
830 nm duoc dat trong 6ng thach anh va dugc
lam mét bang 16p nudc xung quanh.

Chat phan tng 1a phenol c6 nong do 50
mg/l.

3. Qui trinh va phuong phap phan tich

Cac mau xudc tac bién tinh dugc phan tich
céu trdc va nhitng dac trung 1y - hda bang céc
phuong phéap nhu: nhiéu xa tia X (XRD), mau
duoc do trén may XRD (SIEMENS - Dic) véi
dién cuc anot CuKo (1,5406 A), géc quét 20 tir
15° dén 70° SEM dugc thuc hién trén may SEM
(JOEL-JSM-5500-Nhat Ban); BET dugc thuc
hién tréen may CHEMBET 3000. Tri s6 diém
ding dién (PZC) dugc xdc dinh bing phuong
phép chuén do pH [10].

Hoat tinh cua xuc tdc duoc ddnh gid qua do
chuyén héa phenol (o) va do khodng héa (B).
Noéng do phenol & céc thoi diém phan ting dugc
xac dinh tai cac miii hdp thu dac trung: 211 va
270 nm (do trén may UV-VIS Jasco V530,

Nhat), do khodng héa dugc xdc dinh trén may
ANATOC 11, Uc). Cic cong thic tinh todn nhu
sau:

C,-C
aphenol (%) = OC

.100

[0]
Trong d6: C, 1a néng do dau cua phenol, C, la
néng do phenol tai thoi diém t, o 12 do chuyén
héa phenol tai thoi diém t.

TOC -TOC
%)=—>2>——""1100
ﬂTOC( 0) TOC

Trong d6, TOC,, TOC, l1a téng luong cacbon hitu
co ban dau va tai thoi diém t cha miu chat phan
ung tuong ung, B la do khoang hoa.

(o]

111 - KET QUA VA THAO LUAN

1. Nghién ctru cau tric cac chat xic tac diéu
ché

DPac tinh ly-hda cta cdc chit xdc tic quang
TiO,-Mg dugc thé hién trong bang 1.

Két qua phan tich phé XRD clia cdc mau
xtc tic TiO, chita Mg v6i ham lugng dudi 10%
déu khong thdy xudt hién cac pic dic trung cla
MgO & 26 = 42,8 va 62,2. Mat khac, ngoai cac
pic dac trung cta pha TiO, anatas (20 = 25,3;
37,8; 48,1) va cta pha rutil (26 = 27,5; 36,1;
54,4) khong c6 pic méi duge phat hién, tr dé
cho thdy Mg chua di sau vao mang tinh thé TiO,
dé tao pha mé6i ma chi dinh vi trén bé mat TiO,.
biéu nay dugc thé hién rd hon khi ham lugng
Mg trong chét xidc tdc chi€m 25%, khi d6 phé
XRD xudt hién thém céc pic dac trung cia MgO
620 =42,8 va 62,2 (hinh 1b).

Cic hinh SEM (hinh 2) cdc miu xtc tdc
chita Mg hdu nhu tuong tu mau TiO, P25 ban
dau. Cdc gian d6 phan bo kich thuge hat cho két
qua nhu nhau, kich thudc hat cdc mau khoang
30 nm. Nhu vay su c6 mat cia Mg v6i ham
lugng thip trong hé xic tic TiO, khong lam
thay déi kich thudc hat va khong gay hién tugng
thiéu két khi chat xic tdc duoc nung & 450°C.

Két qua do BET thé hién trong bang 2 cho
thdy bé mait riéng chat xic tdc chita Mg hdu nhu
khong thay déi so v6i chat xidc tdc TiO, Degusa
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P25 ban dau va dao dong tir khoang 50 dén 60
m?/g, trong d6 bé mat rieng tang khodng 18%
khi ham luong Mg dat 10%. Diéu nay c6 thé do

Bang I: Dac tinh 1y- héa cta cac chat xidc tic TiO,-Mg

cdc hat MgO dinh vi trén bé mat TiO, ¢6 cau
tric x6p gép phan lam tang bé mat riéng cla ca
hé xtc tac.

Lin (Cps)
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Tén méu Y 1e Mg, % PZC Sger, /g Ktﬁggg‘gﬁ)hiﬂlg
TiO, 0 3,98 50,3 30,0
Ti0,-0,5Mg 0,5 3,98 50,5 30,0
TiO,-1Mg 1 4,14 50.4 317
TiO,-3Mg 3 6,87 50,7 31,2
TiO,-5Mg 8,33 512 312
TiO,-10Mg 10 9,90 61,9 30,7
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Hinh 2: Hinh SEM cuia cac chat xuc tac: (a) TiO, Degussa P25; (b) TiO,-1Mg
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Gia tri PZC cta céac chat xuc tac TiO,-Mg
taing khi ham luong nguyén t6 Mg trong mau
tang, dac biét cic mau TiO,-5Mg va TiO,-10Mg
c6 gia tri PZC rét cao (8,3 va 9,9). Két qua trén
cho thdy v6i ham lugng Mg 16n hon 3% lam cho
bé mat chat xdc tac TiO, c6 tinh bazo va mang
dién tich am. Diéu nay hoan toan phu hgp vi
MgO Ia 1 bazo manh va cling chiing minh rang
cdc hat MgO da dinh vi trén bé mat TiO, chi
khong phéi bén trong c4u tric tinh thé. Nhu vay,
dé c6 dugc cdc chat xic tdc TiO, véi bé mit
mang dién tich am hodc duong, ¢ thé bién tinh

chiing bang céc nguyén t6 thich hop, & diéu kién
nhat dinh.

2. Hoat tinh quang xiic tac

Hoat tinh cua cdc chat xuc tic TiO, chia
Mg duogc tién hanh khao séit trong phan dng
phan huy phenol trong nuéc véi ngudn chiéu
UV-VIS.

Két qua khdo sdt thé hién qua do chuyén
héa phenol va do khodng héa sau 180 phit phan
ung duoc trinh bay & bang 2 va hinh 3.

Bdng 2: So sanh hoat tinh ctia cdc chat xic tac TiO,-Mg

Mau xiic tac Do chuyén héa phenol, % Do khoang hoéa, %
TiO, 44,70 38,97
Ti0O,-0,5Mg 52,50 48,67
TiO,-1Mg 76,20 73,70
TiO,-3Mg 46,68 43,81
TiO,-5Mg 20,31 18,16
TiO,-10Mg 14,00 13,02

biéu kién phan dng: dung dich phenol 50 mg/l, TiO, = 0,25 mg/l, nhiét do phong, nguén sdng:UV-VIS (den

Halogen 150 W).

Céc két qua trén cho thdy chat xic tac TiO,-
IMg c6 hoat tinh cao nhdt, do chuyén héa
phenol va d6 khodng héa (76,2 va 73,7 tuong
ung) cao hon so véi TiO,-P25 (44,7 va 39,0
twong ung). Do v6i cac chat xuc tic TiO, cé
ham luong Mg 16n hon 1% hoat tinh clia ching
giam nhanh khi tang ham luong Mg, tit d6 cho
thay khi c6 mat Mg & ham luong t6i uu di cé
thé 1am tang hoat tinh cha chat xdc tac & ving
kha kién.

Phé UV-VIS cha phenol dugc trinh bay
trong hinh 4. Vung hép thu dac trung cta phenol
& budc séng 270 nm dugce chon dé biéu thi cho
su thay doi nong do phenol & céc thoi diém khdc
nhau. D6i véi phan tng trén chat xic tic TiO,-
I1Mg thi sau 180 phiit phan ung cudng do hap
thu thap hon nhiéu so véi chat xic tac TiO,-P25.
Nguyén nhan chinh dan dén hoat tinh ctia chat
xuc tac TiO,-1Mg tang cao c6 lién quan dén su
hién dién ctia MgO phu trén bé mit TiO,.

Theo Pachioni va cdc dong su [11] MgO
tréen bé mat TiO, 12 nhiing trung tam bat giit

electron quang sinh trén bang dan khi bé mat
TiO, duoc kich hoat bdi dnh sdng. Chinh nho
kha nang nay c6 thé da lam gidm su tdi két hop
16 tréng - electron quang sinh va do dé su tao
thanh c4c goc tu do "OH tir 16 trong quang sinh
s€ thuan loi hon.

Ngoai ra tai cdc tam bat giit electron s& xay
ra phan tGng v6i oxi dé tao thanh goc O,", goc
nay ciing déng vai tro 1a tdc nhan oxi héa manh.

Cdc qud trinh nay da duoc J. Bandara mo ta
nhu sau:

MgO/TiO, +hv — MgO/TiO, (e, h'yp) (1)
MgO/TiO, (&g, h'yg) =
MgO(e'cp)/TiO, (h'yp) (2)
MgO(e'cp)/TiO, (h'yp) —
[Mg*--0*T,/Ti"OH™*/OH" (3)
Ti"YOH"/OH" + Chat hitu co —
san phdm oxi héa (4)
MgO(e cp)/[Mg*--O" T + 0, >
MgO +0,” (5)
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LC: chi nhitng mat khuyét tat do c6 s6 phoi tri bat bao hoa (Lower Coordination)
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Hinh 3: So sanh hoat tinh ctia cdc chat xic tac TiO, - Mg theo do chuyén héa phenol
va do khodng héa sau 180 phit phan ting
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Hinh 4: Pho UV ciia cdc mau san phdm trong phan tng phan huy phenol
theo thoi gian: (a) V6i xuc tac TiO,, (b) Véi xtc tac TiO,-1Mg
Trong dé: (1) Thoi diém ban dau, (2) Sau 30 phit phan tng,

(3) Sau 120 phdt phan tng, (4) Sau 180 phit phan ting

Theo tac gia Hargreaves va cdc dong su [12]  khuyét tat do s6 phdi tri bat bao hoa. Tir d6 lam
hoat tinh quang xuc tac cta TiO, tang lén c6 thé  cho bé mat MgO c¢6 cdc khodng trong anion va
1a do tinh thé MgO c¢6 céu tric bat dién, trong  khoang trong cation. Trong d6 cdc khoang trong
d6 mat (1 0 0) chi€ém wu th€ c6 nhiing trang thai  anion thi€u electron nén doéng vai tro la trung
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tam bat gitt electron. Nho dic diém nay MgO c6
thé bat giit cdc e o trd thanh [Mg*--O | .

Tuy nhién hoat tinh quang xuc tac cua TiO,
khong ting dong bién véi ham luong Mg, hoat
tinh giam khi ham lugng Mg >1%. Nguyén
nhan do MgO c6 nang luogng viung cdm rat cao
(8-9 eV), ban than chat nay khong c6 hoat tinh
quang hdéa nén v6i ham luong cang 16n chat nay
s€ gay can trd su hdp thu danh sang cta TiO, va
ngan can su khuéch tdn h*y; va e ra bé mat
TiO, va nhu vay dan dén giam hoat tinh xic téc.
Mit khéc, su ¢6 mat MgO véi nong do cao (trén
1%) trén bé mat TiO, da lam giam kha nang hap
phu phenol ding ké (gidm hon 18%) do hiéu
ting ddy finh dién, diéu nay gép phan lam giam
hoat tinh ctia hé xtc tac.

IV - KET LUAN

Chat xuc tac TiO, Degussa P25 bién tinh
Mg v6i ham luong khéc nhau (0,5 -10%) béang
phuong phap tdm cho thay:

Su hién dién cua 16p MgO trén bé mat chat
xtic tdc TiO, hdu nhu khong lam thay déi kich
thudc hat, bé mat riéng clia cdc mau xuc tic nay
cling nhu khong tao thanh cic pha méi.

Tri s6 PZC cta cac mau TiO,-Mg déu cao
hon so v6i TiO, Degussa P25 va tang dan khi
ham luong Mg tang. Chat xuc tic c6 tri s6 PZC
cang 16n do hap phu bio hoa phenol trén bé mat
cang thip. Diéu d6 cho thdy bé mat xtc tic chia
MgO c6 tinh bazo va tich dién am, tinh chat nay
thé hién cang rd khi ham lugng Mg tang.

Hoat tinh xdc tac tang khi ham lugng Mg tur
0,5-1% va dat cao nhat khi lugng Mg dat 1%,
sau d6 giam dan khi luong Mg 16n hon 1%
trong phan ung phan hay phenol vGi dnh siang
UV-VIS. Diéu nay duoc giai thich 1a do Mg véi
ham luong nhét dinh da thé hién vai trd bat giit
electron quang sinh lam tang hoat tinh chat xic
tdc, tir d6 m& ra trién vong c6 thé két hgp chat
Xuc tdc trén v4i nguon nang luong mat troi trong

viéc xUr ly chat 6 nhiém hitu co trong nudc.

Loi cam on: Cdc tdc gid chdn thanh cdm on
Hoi dong Khoa hoc Tu nhién Nha nudc da tai
tro cho dé tai nghién citu co bdn, md sé
55.03.04 dé thuc hién cong trinh nay.
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