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SUMMARY

IMMOBILIZATION OF N-TiO, NANOPARTICLES ON BENTONITE
FOR PHOTOCATATLYTIC DEGRADATION OF METYLENE BLUE IN
AQUEOUS SOLUTION UNDER VISIBLE LIGHT SOURCES

Nanosized N-doped TiO,/bentonite materials were prepared by a simple wet
agitation method of the mixture of N-TiO, and bentonite, and characterized by
XRD, SEM, TEM, BET and UV-Vis-DRS. The results showed that the crystal
structure of N-TiO, in bentonite was a mixture of anatase and rutile phases, the
average particle size was about 4.0 to 5.0 nm and the specific surface area was
78.41 m?/g. The UV-Vis spectra indicated an increase in absorption of visible
light when N-TiO,/bentonite was compared with N-TiO, and undoped TiO,. The
photocatalytic activity of the N-TiO,/bentonite was higher than that of the N-TiO,
and pure TiO, samples by degradation of Metylene blue in aqueous solution
under visible light irradiation. Moreover, the study also showed that the bentonite
inhibit of the crystal growth and improve of the phase transfomation from anatase
to rutile of the TiO..

Keywords: N-doped TiO,, photocatalyst, nitrogen, photodegradation,
Metylene blue.

1. MO PAU MB 1a chiat mau gop phan lam 6
Trong s6 cac loai thuéc nhuom, xanh nhidm moi trudng va sic khoe con
metylen (MB) duogc sir dung phd bién ngudi. Tiép xGc nhiéu voi xanh
nhat dé nhuom bong, gd, gidy va vai metylen s& gay ting ty 1¢ tim mach,

lya. Tuy nhién, nhitng nim gan day,
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ndn mua, sbc, tim tai, vang da va ta
chi, va hoai tt mbé ¢ nguoi [1]. Vi
vay, viéc tim kiém mot phuong phap
hitu hiéu dé phan huy cac hop chat
hiru co doc hai va bén vitng nhu MB
da tr¢ thanh nhiém vu trong tam cua
nghién cuau hién tai trong linh vuc
moi trrong. Cong nghé oxi hda quang
xuc tac (QXT) TiO, la mot phuong
phap hiéu qua vi nd c6 tinh 6n dinh
hda hoc, kha nang oxi héa manh va
than thién moi truong nén dugcC S
dung rong rdi trong qua trinh phén
hiy cac chat 6 nhiém hitu co trong
nudc thai [2]. Tuy nhién, TiO; cling
c6 nhitng han ché riéng trong ung
dung QXT ching han nhu sy tai két
hop dé dang giira cac cip electron va
16 tréng quang sinh (giam hiéu suat
phan huy), chi hoat dong QXT dudi
ngudén anh sang tir ngoai gan, kho
tach va tai ché sau qua trinh xur ly
nuac...

Dé khic phuc nhiing han ché trén céc
nha khoa hoc da tién hanh pha tap,
bién tinh bé mit hoic két hop véi cac
chat ban dan khac va dong thoi cd
dinh ching trén cac pha nén khac
nhau nhu bentonit, zeolit, carbon...
nham cai thién hon nita hoat tinh
QXT duéi ngudn anh sang nhin thay
cua TiO, [2]. Vat liéu bentonit nhiéu
san co, ré tién, dic biét c6 mot sd tinh
chét quan trong nhu c6 ciu tric 16p,
dién tich bé mat Ion, kha niang hap
phy, kha ning trao doi cation va tinh
chiu nhiét cao lam cho né tr¢ thanh
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chat hd trg va phan tan chét xdc tac
tuyét voi.

Trong nghién cau nay, chdng toi
thong bao mot sb két qua vé viéc cb
dinh cac hat nano N-TiO, trén nén
bentonit bang phuong phap khudy
tron udt hon hop bot N-TiO, va
bentonit, ddng thoi danh gia hoat tinh
QXT cua san phdm thu duoc dudi
ngudn &nh sang nhin thiy thong qua
kha nang phan huay xanh metylen
(MB) trong dung dich nudc.

2. THUC NGHIEM

2.1. Vat liéu va hda chat

- Quang bentonit Binh Thuan nguyén
khai sau khi thu vé dugc lam sach
bang phuong phap ling gan trong
nudc. Nguyén ligu sét sau khi dugc
lam sach dat mot sb chi tiéu nhu sau:
kich thuéc hat sét khoang 100 dén
200 pm; dién tich bé mat riéng
khoang 69,74 m?g; do truong nd
trong nudc khoang 2 ml/l gam sét
kho; dung luong trao doi cation CEC
105 meq/100 gam sét khd; thanh phan
khoang vat goém: montmorillonite
(MMT), illite, kaolinite, clorite, thach
anh, fenspat, canxit va gotite co
khoang ham luong (%) twong ung:
27-40; 11-13; 14-16; 4-6; 5-7; 10-12;
2-4 va 1-3%.

- Cé4c hoa chat khac gom TiOSO,
(Sigma), (NH,),CO (Merck) va
NaOH (Merck) déu & dang tinh khiét
va khong can ché hoa bo sung.
2.2. Piéu ché liéu
TiO,/bentonit

- Bwéc 1, tgo dung dich huyén phu
sét: Cho bentonit ¢ cac luong khac
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nhau: 2,5 gam; 5,0 gam; 7,5 gam;
10,0 gam va 12,5 gam lan luot vao
cac coc da chura sin 150 ml nudce cat,
khudy tron déu va sau d6 dé sét
truong n¢ qua dém.

- Bwéc 2, diéu ché bgt khd N-TiOy:
Hoa tan hdn hop gom 1,5 gam uré va
4,0 gam TiOSO, (ty 16 mol uré/Ti =
1/1) vao trong 110 ml nudc cat. Tiép
tuc nho cham vao dung dich mudi
hon hop dén hét 40 ml dung dich
NaOH 1,0 M. Khudy tron huyén phu
trong 3 gio, sau d6 dé lang va lam gia
két tua trong 2 gio & nhiét do phong.
Tién hanh loc, rira két taa vai lan
bang nudc cat va etanol dén khi
khong con phét hién ion SO,%. San
pham sau khi rira dugc siy khd &
105°C trong 24 gid, thu dugc bot kho
N-TiO..

- Bwéc 3, diéu ché vat ligu N-
TiO/bentonit: Cho 1,0 gam bot kho
N-TiO, thu duoc ¢ budc 2 vao cac
coc huyén phu sét da duoc tao ra &
budc 1 va khudy tron manh hdn hop
trong 6 gio ¢ nhiét d6 phong. Tién
hanh say kho, nghién min va sau d6
nung bot hdn hop trong 2 gio & nhiét
d6 xac dinh (tbc do nang nhiét
10°C/phat), thu dwoc vat liéu N-
TiOy/bentonit.

2.3. Panh gia hoat tinh QXT cua
san pham

Hoat tinh QXT cua san pham duoc
danh gia bang céach tron 0,3 gam chat
QXT vao 200 ml dung dich MB ¢6
nong d6 150 mg/l. Khuiy déu hdn
hop huyén pha trong bong tbi khoang
60 phut dé dam bao dat can bang hap
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phu - khir hap phu. Sau d6, huyén phu
dugc chiéu xa trong 2 gio bang dén
compact Golstar 40W (c6 3 vung
budc song dac trung la 435 nm, 545
nm va 610 nm). Hiéu suat phan tng
QXT cua cac mau dugc xac dinh
bang céch so sanh ndéng do cua dung
dich MB trudc va sau phan ung (do
hip thu quang cua dung dich MB
dugc do trén may quang phd UV-VIS
UV2450 - Shimadzu, Nhat Ban).

2.4. Phuong phap xac dinh

Gian d6 nhiéu xa tia X (XRD) cua cac
mau san pham dugc ghi trén nhidu xa
ké tia X D8 Advance Bruker (D)
véi tia CuK, c6 A = 0,154056 nm, ghi
& 25°C, goc quét 20 thay doi tir 0,5
+70° véi tée @6 quét 0,03%/s. Kich
thudc hat trung binh dugc tinh dya
vao pic dic trung cua pha anata (101)
trén gian d6 XRD theo phuong trinh
Scherrer [3].

Anh SEM cua cdc miu dugc chup
trén kinh hién vi dién tr quét siéu cao
FE-SEM NOVA NanoSEM 450 -
Nhat Ban. Anh TEM duoc chup trén
kinh hién vi dién ta truyén qua
JEM1010 JEOL - Nhat Ban.

Dién tich bé mit BET cua cac mau
duogc xac dinh tir duong ding nhiét
hip phu nito tai 77 K trén thiét bi
Micromeritics (MY).

Phé hip thu UV-Vis pha rin cua cac
mau dugc ghi boi may JASCO-500
(Nhat Ban) trén nén BaSO,. Ham
Kubelk-Munk dwoc st dung dé xéc
dinh nang luong ving cidm cua céc
mau TiO; bang cach vé& db thi twong



quan giita [F(R)E]*? va ning luong
viing cim [3].

3. KET QUA VA THAO LUAN

3.1. Anh hwéng cia nhiét d§ nung
mau

Dé khao sat anh huong cua nhiét do
nung dén cau tric pha va hoat tinh
QXT cua san pham, mau N-
TiOz/bentonit (¢ ty 1€ mol uré/Ti =
1/1, lugng bentonit 10,0 gam) dugc
tién hanh nung trong 2 gio & cac nhiét
do khac nhau: 300; 400; 500; 600 va
700°C. Gian d6 XRD cua mau N-
TiOx/bentonit theo nhiét d6 nung thay
d6i dugc dua ra o hinh 1. Gia tri kich
thudc hat trung binh (D), khoang céach
co ban cua sét dog; va hiéu suat phan
hay quang cua cdc mau duoc trinh
bay trong bang 1.

Két qua gian d¢6 XRD (hinh 1) cho
thiy, mau N-TiOy/bentonit ton tai &
ba pha cha yéu: MMT (goc 26 ~ 20°),
SiO; (goc 20 ~ 26,6°) va anata (goc
20 ~ 25,1°), trong d6 MMT va SiO; la
dac trung cua bentonit, anata 1a dac
trung cua TiO,. Bén canh d6, con
xuat hién mot it pha rutin caa TiO, ¢6
pic rat thap (goc 20 ~ 27,3%). Khi
nang dan nhiét d6 nung tir 300 dén
700°C, kich thuéc hat ting dan,
cuong do pic pha anata cao dan va do
m& rong vach pic hep dan, ching to
do tinh thé hoa cua TiO, ting dan.
Khi so sanh gian d6 XRD giita mau
bentonit (khdng c6 mat TiO,) va mau
N-TiO/bentonit & cac nhiét d6 nung
khac nhau nhan thay, mau bentonit &
gdc 20 ~ 9,4° khong xuit hién pic cua
pha MMT, trong khi d6 cac mau N-
TiOy/bentonit déu xuit hién pha
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MMT véi gia tri doo; cia sét nam
trong khoang 9,7 dén 10,2 A (bang 1).
Diéu nay chang to, ngoai cac hat N-
TiO, nam trén bé mat con c6 mot
phan cac hat nay di vao bén trong cac
l6p cua sét, din dén xuat hién pic
MMT & goc 20 ~ 9,4°. Theo nhiéu
nghién ctru cho thdy, nhiét do chuyén
pha tur anata sang rutin cua TiO,
thuong I6n hon 650°C, tuy nhién
trong nghién ctru cua chung tdi nhan
thidy cac mau N-TiO,/bentonit trong
khoang nhiét do nung tir 300 dén
700°C déu xuat hién pha rutin. Két
qua nay c6 thé nhan dinh bentonit da
thé hién vai tro xdc tién quéa trinh
chuyén pha tir anata sang rutin cua
TiO..
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Hinh 1. Gidn @6 XRD cua mdu N-
TiOy/bentonit theo nhi¢r do nung thay
doi tir 300 d@én 700°C
Bdang 1. Kich thuoc hat trung binh
(D), khoang cach co ban cua sét
(dooz) V& hiéu sudat phan hiy quang
(H) ciia mau N-TiO/bentonit ¢ cac
nhiét do nung khac nhau

Nhigt
Kyhigu | d | D | dos | H
mau nung | (nm) | (&) | (%)
(C)

TNTiB-300 | 300 10,26 | 81,37
TNTIiB-400 400 - 9,70 | 87,42
TNTIiB-500 500 4,5 9,88 | 91,78
TNTIiB-600 600 6,2 | 10,07 | 85,76
TNTIiB-700 700 9,8 | 10,00 | 83,27

Bang 1 con cho thay, khi nang dan




nhiét d6 nung hiéu suat phan huay
quang cua cac mau N-TiO./bentonit
ting dan va dat gia tri 16n nhat ung
véi mau duoc nung & 500°C trong 2
gio (H = 91,78%). Nguyén nhén co
thé khi tang dan nhiét d6 nung muc
dd tinh thé hoa cua vat liéu tang dan.
Tuy nhién, néu tiép tuc ting nhiét 4o
nung lén hon 500°C, hiéu suat phan
hiy quang c6 xu huéng giam. Diéu
nay cé thé & nhiét do nung cao, mac
d0 vat liéu 6n dinh hon vé mat ciu
tric nhung do c6 su két khdi lon gita
cac hat, lam tang kich thudc hat, giam
dién tich bé mat vat liéu nén lam giam
hiéu suat phan hay quang.

3.2. Anh hwéng lwong bentonit

Pé khao sat anh huong cua luong
bentonit dén cau tric pha va hoat tinh
QXT cua vat lieu N-TiO/bentonit,
bentonit cho vao & cac khdi lwong
khac nhau: 2,5; 5,0; 7,5; 10,0 va 12,5

gam, ty 1é mol uré/Ti = 1/1 va céc
mau N-TiOy/bentonit duoc nung &
500°C trong 2 gio. Pdng thoi, mau
TiO, (khong c6 sy bo sung uré va
bentonit) va mau N-TiO; (ty l&¢ mol
uré/T1 = 1/1, khong c6 bentonit) cling
duoc tién hanh diéu ché tuwong tu
nhim 1am rd hon vai trd ciia N va

bentonit trong hdn hop phan tng.
MMT Anata SiOp Rutin
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Hinh 2. Gian do XRD cia cac mau N-
TiOy/bentonit theo hrong bentonit
khac nhau: 0; 2,5; 5,0; 7,5; 10,0 va
12,5 gam

Bdng 2. Kich thuoc hat trung binh (D) va khodng cdch co ban cua set (doos)
ciia cac mau N-TiOy/bentonit

Ky higu Ty 1€ mol uré/Ti Lwgng bentonit D doos
miu (mol/mol) (gam) (nm) A

N-TiO, 1/1 0 7,4 -

TNTIiB-2,5 1/1 2,5 7,2 9,82
TNTIiB-5,0 1/1 50 6,4 9,76
TNTIiB-7,5 1/1 7,5 53 9,94
TNTIiB-10,0 1/1 10,0 4 5 9,88
T TiB-12,5 1/1 12,5 - 10,13

Két qua gian d6 XRD ¢ hinh 2 cho
thay, mau N-TiOy/bentonit ton tai &
cac pha: MMT (goc 20 ~ 20°), SiO;
(g6c 20 ~ 26,6°), anata (goc 20 ~
25,1°) va rutin (goc 260 ~ 27,3°), trong
do6 MMT va SiO; la dac trung cua
bentonit con anata va rutin la dac
trung cta TiO,. Trong khi d6, mau N-
TiO; (diéu ché trong cung diéu kién
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nhung khong c6 mat bentonit) lai cho
thdy ton tai & dang don pha anata nén
c6 thé cho rang bentonit dd xtc tién
quéa trinh chuyén pha tir anata sang
rutin. Két qua nay ciing phii hop Véi
cdng trinh nghién ctu [4] khi diéu ché
vt liéu bentonit dugc chéng bai TiO,
bang phuong phap sol-gel (nung &
400°C trong 6 giod), nhan thiy san

N-TiO2




pham thu duoc ciing gdm hdn hop hai
pha anata va rutin.

Khi so sanh gian d6 XRD gitta mau
bentonit nguyén chat véi cac mau N-
TiO./bentonit nhan thiy, tit ca céc
mau N-TiOy/bentonit theo lugng
bentonit khac nhau déu xuit hién pha
MMT & goc 20 xap xi 9,4° c6 gia tri
dooz cuia sét nam trong khoang 9,8 dén
10,1 A (bang 2), trong khi d6 mau
bentonit nguyén chat lai khdng xuat
hién pha MMT & gbc 20 nay. Piéu
nay chang to cac hat nano N-TiO; da
dugc dua vao trong cac 16p xen gitra
cua sét nhu da thao luan ¢ muc 3.1.
Theo cdng trinh [4] c6 thé giai thich
rang, do MMT trong bentonit nguyén
chat khong c6 cau trdc 16p silicat dugc
sap xép va dinh hudng du dé hién thi
pic (001), nhung khi MMT dugc
chéng bai TiO,, 1am cho khoang cach
gitta cac 16p sét tang 1én va do d6 xuat
hién pha MMT & goc 20 xap xi 9,4°.
Két qua trén cling phu hop khi ching
t6i tién hanh ghi BET hai mau:
bentonit va N-TiO/bentonit. Két qua
cho thay, mau N-TiOy/bentonit c6 dién
tich bé mat 78,41 m?/g Ién hon so v6i
dién tich dién tich bé mat cua sét
nguyén chat 1a 60,76 m?%g. Diéu nay
chung to, cac hat nano N-TiO, da di
vao bén trong cac lop cua sét bentonit.

I 2

(@)

Két qua & bang 2 con cho thiy, tit ca
cac mau N-TiOz/bentonit déu c6 kich
thudc hat trung binh bé hon so vai
mau N-TiO, (khoang 7,4 nm) va khi
ting dan lwong bentonit thi kich
thudc hat trung binh cua vat liéu N-
TiO/bentonit giam. Két qua nay
chung to, bentonit da thé hién vai trd
rc ché sy ting trudng cé4c hat tinh thé
TiO,. Piéu nay ciing phu hop khi
ching tdi tién hanh chup SEM va
TEM cuaa cac mau: bentonit, N-TiO,
va N-TiOy/bentonit (hinh 3). Anh
SEM va anh TEM cua vat liéu
bentonit ¢ hinh 3(a) va hinh 3(d)
twong ung cho thay, sét bentonit co
dang ciu trac 16p. Anh SEM ¢ hinh
3 (b) va anh TEM ¢ hinh 3(e) cua
mau N-TiO, cho thay, vat liéu N-
TiO; c6 cé4c hat tinh thé bé (khoang
7 dén 8 nm) va phan bb kha dong
déu. Pong thoi, khi so sanh cac anh
SEM va TEM giita ba mau tuong
ung: bentonit, N-TiO,, va N-
TiO/bentonit c6 thé thay cac hat N-
TiO, vira nam trén bé mat vira tham
gia vao bén trong cac lop cua sét.
Cac hat N-TiO./bentonit phan bd
twong d6i dong déu va co kich thudc
hat khoang 4,0 d¢én 5,0 nm bé hon so
véi cdc hat N-TiO; khong dugc dua
I&n nén sét bentonit.
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Hinh 3. Anh SEM cua cac mau (phia trén): (a) bentonit; (b) N-TiO, va (c) N-
TiOy/bentonit va anh TEM (phia duéi) cua cac mau: (d) bentonit; () N-TiO; va
(f) N-TiO4/bentonit

Gia tri hiéu suat phan hay quang dung
dich MB trén wvat liéu N-
TiOy/bentonit theo lugng bentonit
thay d6i dugc trinh bay trong bang 3.
Tu bang 3 cho thdy, khi ting dan
luong bentonit tir 2,5 dén 10,0 gam
hiéu suit phan huy quang ting va
dat gia tri cuc dai & mau cé lugng
bentonit 10,0 gam (H ~ 92,57%).
Néu tiép tuc tang lwong bentonit I6n
hon 10,0 gam, mac du kich thudc
hat giam nhung hiéu suat phan huy
quang lai giam. Piéu nay duoc giai
thich, do luong sét du thua s€ ngan
can su tap hop cac hop chat mau 1én
bé mat cac hat N-TiO,, déng thoi

gay ra hién tuong che chin anh séng
chiéu téi bé mat cac hat nay va do
d6 lam giam hiéu suit phan hay
quang.
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1.TiO,

2.N-TiO,
3. N-TiOo/bentonit
4. Bentonit

3.0 H

N
«
1
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N
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[F(I}_\).hv]

}\Iéng Iwgng viing cAm, eV ~
Hinh 4. Pho UV-Vis cua cac mau:
TiO,, N-TiO;, N-TiO,/bentonit
va bentonit

Bang 3. Hiéu sudt phan hiy quang (H) cia cac mdu N-TiO,/bentonit theo
lwong bentonit khac nhau

Ky Dieu Lugng bentonit C°ve C°viB H (%)
mau (gam) (mg/l) (mall)

TiO, 0 150 100,02 33,32
N-TiO, 150 41,43 2,38
TNTiB-2,5 2,5 150 29,07 80,62
TNTIB-5,0 5,0 150 19,94 86,71
TNTIB-7,5 7,5 150 14,60 90,27
TNTIiB-10,0 10,0 150 11,15 92,57
TNTIiB-12,5 12,5 150 21,33 85,78

Phé UV-Vis cua cac mau: TiO,, N-
TiO,, N-TiOy/bentonit va bentonit &
hinh 4 cho thay, mau N-TiO, va mau
N-TiO./bentonit c6 do hap thu quang
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chuyén dich manh vé ving anh sang
nhin thay hon so v&i mau TiO; khéng
duoc pha tap. Qua su tinh toan cac
gia tri nang luong ving cam Epg tir




hinh 4 nhan thiy, mau TiO; c6 Epg
khoang 3,23 eV, mau N-TiO, ¢ Epg
khoang 3,04 eV va mau N-
TiOz/bentonit c6 Ep; nam trong
khoang 2,28 dén 2,87 eV. Nhu vay,
viéc pha tap N vao céu tric mang tinh
thé TiO, cling nhu viéc dua vat liéu
N-TiO, 1&n nén bentonit c6 thé gidp
thu hep gia tri Epg cua vat ligu TiO,.
Két qua nay gop phan ly giai vi sao
hiéu suit phan hay quang trong
ving anh sang nhin thiy cua cac
mau ting theo trat tuy: TiO, << N-
TiO, < N-TiOy/bentonit nhu da thao
luan & trén.

4. KET LUAN

ba khdao sat duoc anh huong cua
nhiét d6 nung va luong bentonit dén
cau trdc va tinh chat QXT cua vat liéu
N-TiOy/bentonit ~diéu ché theo
phuong phap tron u6t. Két qua nghién
ciu cho thidy, wvat liéu N-
TiOy/bentonit dugc diéu ché o ty 18
uré/Ti = 1/1 mol/mol, Iugng bentonit
10,0 gam va nung & 500°C trong 2h
ton tai & cac pha: MMT, SiO, cua
bentonit va anata, rutin cua TiOy, c0
kich thuéc hat khoang 4 dén 5 nm, ¢6
dién tich bé mat riéng 78,41 m%/g, c6
Esg khoang 2,28 dén 2,87 eV va c6
hiéu suat phan hay quang cao nhat.
Dung dich MB & ndng d6 cao (150
mg/l) gan nhu bi phan hay hoan toan
trén vat liéu diéu ché duoc chi sau 2
gio chiéu xa. Ngoai ra, nghién cau
con cho thiy bentonit da thé hién vai
tro wc ché su tang truong céc hat tinh
thé va xuc tién qua trinh chuyén pha
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cia TiO,. Két qua da tao ra duoc loai
vat ligu N-TiOy/bentonit c6 nhiéu
tiém ning trong viéc loai bo cac hop
chat hiru co doc hai néi riéng va xu ly
moi truong bi 6 nhiém noi chung.
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