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SUMMARY

PREPARATION OF NANOSIZED W-DOPED TiO,/BENTONITE
MATERIALS HAVE HIGHT PHOTOCATALYTIC ACTIVITY UNDER
VISIBLE LIGHT BY HYDROTHERMAL HYDROLYSIS METHOD

Nanosized W-doped TiO/bentonite materials were prepared by a hydrolysis
method, and characterized by XRD, SEM, TEM, BET and UV-Vis-DRS. The
results showed that the crystal structure of W-TiO, in bentonite was single
anatase phase, the average particle size was about 4.0 to 5.0 nm calculated from
XRD results, specific surface area was 223.2 m?/g calculated from BET results
and the UV-Vis spectra indicated an increase in absorption of visible light when
compared to undoped TiO,. The photocatalytic activity of the nano-sized W-
TiO/bentonite was higher than that of the pure TiO, and W-TiO, samples by
degradation of Metylene blue in aqueous solution under visible light irradiation.
Moreover, the study also showed that the doping W atoms supress the growth of
the TiO, crystal and increased the specific surface area of bentonite when
bentonite was pillared by W-TiO..

Keywords: doped TiO,, photocatalyst, tungsten, photodegradation, Metylene blue,
hydrolysis method.

1. MO PAU moi truong. Tuy nhién, vat liéu TiO;
Trong céc chat ban dan c6 hoat tinh c¢6 nang luong ving cdm kha lén (~
quang xuc tac (QXT), TiO, da dugc 3,2 eV) nén chi bj kich bai ngudn anh
chung minh 1a chat phi hop nhét sang tr ngoai gan va do d6 han ché
duoc ung dung trong xtr ly 6 nhiém kha nang tan dung nguon anh sang
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doi dao tir mat troi [1]. Mat khac,
muc do tai két hop gitra cac cip
electron va 15 tréng quang sinh trong
TiO; 160, dan dén hiéu qua hoat dong
QXT cua nd khong cao [1]. Pé khic
phuc nhiing han ché nay, ky thuat
bién tinh bang cach pha tap vao cau
trdc mang tinh thé TiO, bai céc ion
kim loai va phi kim khac nhau da
duoc nghién ctu. Nhiéu nghién cau
cho thy, viéc bién tinh TiO, bai cac
ion kim loai chuyén tiép, dac biét 1a
ion W® da giap cai thién dang ké
hoat tinh QXT cua TiO,. S. S. Lee
diéu ché vat lieu W-TiO, bang céch
thay phan dung dich hén hop gom
TiCls va WCI, va nhan thay, vat liéu
ndy cO6 kha nang phan huay khi
acetandehit trong vung anh sang UV
cao hon so véi mau TiO; khong duoc
pha tap [2]. Kha nang hoat dong QXT
cao cua vat lieu W-TiO, so vdi vat
liéu TiO, khong duoc pha tap ciing
dugc tim thiy twong tu trong cong
trinh nghién cau cua X. Z. Li [1].

Vat liéu TiO, ¢ dang hat cO kich
thuéc nano thuong cho hoat tinh
QXT cao nhung han ché l1a kho thu
hdi né trong cong doan tng dung xir
ly nuGe. Do d6, viéc giir ¢b dinh TiO,
trén cac pha nén khac nhau nhu: thay
tinh, thép, carbon, bentonit da dugc
nghién ctu... Trong do6, vat liéu
bentonit vu tién duoc chon lya do tinh
san co, ré tién, cd cau trac 16p va co
dién tich bé mat riéng 16n. Mat khac,
néu dwa TiO, vao céc ciu tric 16p sét
thanh cong s& g6p phan cai thién hon
nira dién tich bé mat riéng cua sét, tur
d6 tao kién thuan loi cho qué trinh tap
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hop va phan hay cac doc chat hitu co
trén bé mat cac hat TiO,.

Trong nghién ctu nay, ching toi
thong bao mot sb két qua vé didu ché
vat lieu nano W-TiO, trén nén
bentonit bang phuong phéap thuy phan
va danh gia hoat tinh QXT cua san
pham thu duoc dudi nguon anh sang
nhin thiy thdng qua kha ning phan
huy 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 Iam sach
bang phuwong phap ling gan trong
nudc. Sét bentonit sau khi lam sach
duoc lam nguyén liéu cho quy trinh
diéu ché va dat mot sb chi tiéu nhu
sau: kich thudc hat sét khoang 100
dén 200 pm; dién tich bé mit riéng
khoang 69,74 m?%g; d0 truong nd
trong nudc khoang 2 ml/l gam sét
kho; dung luong trao doi cation CEC
105 meq/100 gam sét kho; thanh phan
khoang vat gdém: 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%.

- Céc hoa chat khac gom TiOSO,
(Sigma), (NH4)sH2W12040 (Merck) va
NaOH (Merck) déu & dang tinh khiét
va khong can ché hoa bo sung.
2.2. Piéu ché vat liéu
TiO,/bentonit

Hoa tan hdn hop gom 4,0 gam
TIOSO4 va luqng (NH4)6H2W12040
thich hop vao trong 110 ml nuéc cét.
Cho tiép 2,0 gam bentonit vao dung
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dich hdn hop trén va khudy tron
huyén phu trong khoang 15 gio. Cho
tir tir dén hét 40 ml dung dich NaOH
1,0 M, tiép tuc khudy tron huyén phu
trong 3 gio, sau d6 lam gia hon hop
phan ung trong 2 gio ¢ nhiét do
phong. Tién hanh loc va rira bot san
pham vai lan bang nuéc cat va etanol
dén khi khong con phét hién ion SO4*
(thtr bang dung dich BaCl, 2M). San
pham sau khi rira dugc siay khd &
105°C trong 24 gid va nung trong 2
gid & nhiét do thich hop (téc do nang
nhiét 10°C/phut), thu dugc vat lidu
W-TiOy/bentonit.

2.3. Panh gia hoat tinh QXT cia
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 co
nong d6 200 mg/l. Khuiy déu hdn
hop huyén phi trong béng téi khoang
60 phut dé dam bao dat can bang hap
phu - khtr hip phy. 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 \ing
QXT cua cac mau duoc xac dinh
bang céch so sanh néng 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 nhiéu xa
ké tia X D8 Advance Bruker (Dic)
vai tia CuK,, c6 A = 0,154056 nm, &
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25°C, goc quét 26 thay doi tir 0,5+70°
v6i tbe do quét 0,03%s. Kich thudc
hat trung binh dugc tinh dua vao pic
dac trung cua pha anata (101) trén
gian d6 XRD theo phuong trinh
Scherrer [3].

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

Dién tich bé mat BET cua cac mau
dugce xac dinh tir duong dang nhiét
hip phu nito tai 77 K trén thiét bi
Micromeritics (M¥).

Phé hap thu UV-Vis pha rin cua cac
mau duoc ghi boi may JASCO-500
(Nhat Ban) trén nén BaSO,; Ham
Kubelk-Munk dwgc st dung dé xéc
dinh ning luong ving cdm cua Cac
mau TiO; bang cach vé& db thi tuong
quan gitra [F(R)E]*? va ning luong
viing cam [3].

3. KET QUA VA THAO LUAN

3.1. Anh hwéng cia nhiét d§ nung
mau

Dé khao sat anh huéng cua nhiét do
nung dén cau tric pha va hoat tinh
QXT cua san pham, miu W-
TiOy/bentonit (¢ ty I¢ mol W/Ti =
0,5%, lugng bentonit 2,0 gam) dugc
tién hanh nung trong 2 gid ¢ cac nhiét
do khac nhau: 200; 300; 400; 500 va
600°C. Gian d¢6 XRD cua miu W-
TiOy/bentonit theo nhiét @6 nung thay
ddi duoc dua ra & hinh 1. Gia tri kich
thuac hat trung binh, khoang cach co
ban cua sét dgo1 Va hiéu suat phan hay



quang cua cdc mau duoc trinh bay
trong bang 1.

Két qua gian d6 XRD (hinh 1) cho
thay, thanh phan pha cua cac mau W-
TiO,/bentonit ton tai chu yéu & dang
pha anata véi pic dac trung ¢ goc 20
khoang 25,3°. Ngoai ra, con xuét hién
cac pha c6 pic thap gom: MMT, SiO,
va canxit 1a dac trung cua bentonit.
Pha MMT cua bentonit & cAc mau W-
TiOy/bentonit c6 pic tng vai goc 20
khoang 6° va cd gia tri khoang cach
co ban cua sét doo; nam trong khoang
14,9 dén 18,8 A. So sanh voi mau
bentonit khong dwoc chéng bai W-
TiO; ¢6 gid tri dooz = 13,38 A, ¢ thé
nhan dinh cac hat W-TiO, da duoc
dua vao trong cac lop cua sét
bentonit, dan dén lam ting gia tri doos.
Két qua nay kha phu hop véi két qua
trong cong trinh nghién cau [4] khi
nhan thiy gia tri doox ~ 15 A néu
chéng thanh céng TiO, vao cac lép
sét. Ngoai ra, két qua con cho thay,
khi tang dan nhiét do nung tir 200 dén
600°C do tinh thé hoa cia W-TiO,
ting dan (pha anata c6 do rong vach
pic hep dan va do sic nhon cua pic
taing dan) va gia tri kich thuéc hat
trung binh (bang 1) c6 xu hudng tang
nhe. Nhin chung, trong khoang nhiét
d6 nung bién ddi kha rong (200 -
600°C) nhung kich thuéc hat trung
binh ctia cac miu thay doi khong
dang ké (khoang tir 4,0 d&én 5,0 nm).
Diéu nay c6 thé nhan dinh bentonit da
gilp 6n dinh cau tric va tc ché sy
tang truong cac hat tinh thé TiO, ma
s& duoc thao luan rd hon trong yéu té
khao sat tiép theo.
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Hinh 1. Gidn @6 XRD cua mau W-
TiOy/bentonit theo nhiér @6 nung
thay doi tir 200 dén 600°C
Bang 1. Kich thudc hat trung binh
(D), khodng cach co ban cua sét
(dooz) VA hiéu sudt phan haiy quang
(H) ciia mau W-TiO,/bentonit ¢
cac nhiér do nung khac nhau

Nhiét
Ky hléu d(} D d001 H
mau nung | (nm) | (A) | (%)
(C)
WTiB-200 200 - 18,8 | 89,27
WTiB-300 300 4,3 17,0 | 96,11
WTiB-400 400 45 16,9 | 91,47
WTiB-500 500 5,0 15,7 | 81,52
WTiB-600 600 53 149 | 72,17

Bang 1 con cho thay, khi nang dan
nhiét d6 nung hiéu suit phan hay
quang tang va dat gia tri cuc dai ung
véi mau dugc nung ¢ 300°C trong 2
gio. Nguyén nhan c6 thé & nhiét do
nung nay vat liéu da twong ddi on
dinh céu tric va co kich thudc hat bé.
Néu tiép tuc ting nhiét do nung lén
hon 300°C, hiéu suit phan hay quang
¢6 xu hudng giam (do kich thudc hat
tang). Nhu vay, tr nhiing khao séat
bén trén cho thiy nhiét d6 nung mau
W-TiO,/bentonit thich hop la & 300°C
trong 2 gio.

3.2. Anh huwéng ty 1é mol W/Ti

Dé khao sat anh huong cua ty 1& mol
W/Ti d&n ciu trac va hoat tinh QXT




cua vat licu W-TiOy/bentonit, luong
TiOSO, va bentonit cho vao hon hop
phan tng duoc giir ¢d dinh twong ¢ng
12 4,0 gam va 2,0 gam. Luong mudi
W(VI) cho vao duoc thay doi sao cho
dat ¢ cac ty 1é mol W/Ti khéac nhau:
0,25; 0,50; 0,75; 1,00 va 1,25%. Tat
ca cac mau W-TiOy/bentonit déu
dugc nung ¢ 300°C trong 2 gid. Bdng
thoi, mau TiO; (khdng cé su b sung
mubi W(VI) va bentonit) va mau W-
TiO, (& ty 1& mol W/Ti = 0,5%,
khong co bentonit) ciing duoc tién
hanh diéu ché twong tu nham 1am rd

hon vai tro cua W(VI) va bentonit
trong hdn hop phan tng.
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Hinh 2. Gidn d6 XRD cia cac mau
W-TiO,/bentonit theo ty I¢ mol W/Ti
khac nhau: 0,25; 0,50; 0,75; 1,00 va

1,25%

Bdng 2. Kich thuéc hat trung binh (D), khodng cdch co ban cua sét (doo1) va
hiéu suat phan haiy quang (H) ciza cac mau W-TiO/bentonit &
cac ty Ié mol W/Ti khac nhau

P, . 1A . Luwong
Ky Dlgu Ty 1€ mol W/Ti bentonit D dooz H (%)
mau (%) (gam) (nm) (A)
WTiB-0,25 0,25 2,0 6,9 15,2 85,15
WTiB-0,50 0,50 2,0 4,5 16,9 97,05
WTIiB-0,75 0,75 2,0 4.3 14,9 86,22
WTiB-1,00 1,00 2,0 4,0 14,9 77,21
WTiB-1,25 1,25 2,0 3,3 15,0 73,11
TiO, 0 0 8,0 - 15,42
W-TiO, 0,50 0 6,1 48,92

Gian d6 XRD & hinh 2 cho thay, cac
mau ton tai chi yéu ¢ dang pha anata
Vvoi pic dac trung ¢ goc 20 khoang
25,3°, dong thoi ciing xuat hién cac
pha c6 pic rat thip MMT, SiO, va
canxit cua bentonit. Pha MMT c0 pic
& goc 20 khoang 6° va cd gia tri doos
khoang 14,9 dén 16,9 A nén céc hat
W-TiO, da di vao bén trong cac 16p
cua sét nhu da duogc thao luan & trén.
Két qua & bang 2 cho thay, khi ting
dan ty 1& mol W/Ti tir 0,25 dén 1,25%
kich thudc hat trung binh caa W-TiO;
¢6 xu huéng giam, chang to ion W
da thé hién vai tro wc ché sy ting
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truong cac hat tinh thé TiO,. Diéu nay
ciing pht hop khi ching t6i tién hanh
diéu ché hai loai vat liéu TiO, va W-
TiO, ma khéng c6 su bo sung lugng
bentonit. Két qua cho thdy, mau TiO;
c6 kich thudc hat trung binh 8,0 nm
l6n hon so véi mau W-TiO, ¢6 kich
thuéc hat 1a 6,1 nm. Quy luat giam
kich thudc hat cua TiO, theo viéc
tang ham lwong ion W® ciing dugc
tim thay twong tu & hai cong trinh da
cong b [5, 6]. Céc tac gia & hai cong
trinh nay cho rang, do ban kinh cua
ion W™ (0,62 - 0,70 A) c6 phan bé
hon so vé&i ban kinh caa Ti** (0,68 A)




nén W™ dé& dang thay thé Ti** trong
mang tinh thé TiO,, dan dén lam giam
kich thuéc hat. Bang 2 cho thay, vat
lieu W-TiO; (khéng c6 mat bentonit)
co kich thudce hat trung binh khoang
6,1 nm nhung véi su bo sung 2,0 gam
sét bentonit dé diéu ché vat ligu W-
TiO,/bentonit, kich thudc hat W-TiO,
giam xuéng khoang 4,5 nm. Két qua
nay cho thiy, vai tro wc ché su ting
truong cac hat tinh thé W-TiO, cua
sét bentonit nhu da duoc thao luan &
muc 3.1.

Két qua o bang 2 con cho thay, khi
tang dan ty 1& mol W/Ti tir 0,25 dén
0,50% hiéu suat phan huay quang
ting va dat gia tri cuc dai & mau co
ty 1¢ mol W/Ti = 0,50% (H ~

97,05%). Néu tiép tuc ting ty I& nay
I6n hon 0,50%, mac du kich thudc
hat giam nhung hiéu suat phan huy
quang lai giam. Tian H. cho rang
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[6], néu pha tap ion W® & ndng do
thich hop thi né sé gilp bay cac dién
tar quang sinh hiéu qua, giam thiéu su
tai két hop giita cac dién ta va 15
trbng quang sinh, din dén lam ting
hiéu suat phan hay quang. Nguoc lai,
néu pha tap ion W* & ndng do qua
cao, nd s€ hoat dong nhu cac tam tai
két hop cac electron va 15 tréng quang
sinh va do d6 lam giam hiéu suét
phan hay quang. Tu bang 2 nhan
thay, hiéu suat phan huy quang cua
ciAC mau ting theo trat ty: TiO, <<
W-TiO, < W-TiOy/bentonit. Diéu
nay chirng to, W(VI) da thé hién vai
tro lam tang hoat tinh QXT cho vat
ligu TiO,, trong khi d6 bentnit lam
tang hiéu suat phan hay quang cho
vat liéu W-TiO,. Nhu vay, ca W(VI)
va bentonit déu gop phan cai thién
dang ké hiéu suat phan hay quang
cho vat liéu TiO,.

()

Hinh 3. Anh SEM cuia c&c mau (phia trén): (a) bentonit; (b) W-TiO, va (c) W-
TiOy/bentonit va anh TEM (phia duéi) cua cac mau: (d) bentonit; (e) W-TiO,
va (f) W-TiO,/bentonit
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Anh SEM va anh TEM cua vat liéu
bentonit ¢ hinh 3(a) va hinh 3(d)
twong tng cho thay, sét bentonit c6
dang cau tric 16p. Anh SEM ¢ hinh
3 (b) va anh TEM ¢ hinh 3(e) cua
mau W-TiO, cho thay, vat liéu W-
TiO, c6 cac hat tinh thé bé (khoang
5 dén 6 nm) va phan bd kha dong
déu. Pong thoi, khi so sanh cac anh
SEM va anh TEM gira ba mau
twong wng: bentonit, W-TiO,, va W-
TiO,/bentonit co thé thay céac hat W-
TiO, da dugc dua thanh cong vao
cac lop sét. Cac hat W-TiO, trong
cac 1op sét phan b dong déu va co
kich thuéc hat khoang 4,0 dén 5,0
nm bé hon so véi cac hat W-TiO,
khong duoc dua lén nén sét
bentonit. Két qua xac dinh kich
thudc hat theo SEM va TEM cho
thiy kha phd hop vai két qua tinh
duya trén gian do XRD trong bang 2
& trén cling nhu theo gia tri dién tich
bé mat riéng BET duéi day.

Dién tich bé mit riéng BET cua Ccéc
mau:  TiO,,  W-TiO;,  W-
TiO,/bentonit va bentonit c6 cac gia
tri twong Gng: 260,8 m?g; 2755
m?/g; 223,2 m’lg va 62,3 m%g. Két
qua cho thdy, mau W-TiO, c6 dién
tich bé mat riéng I6n hon so véi mau
TiO, khoéng duoc pha tap (phu hop
véi két qua chup XRD & bang 2). So
sanh dién tich bé mat riéng cua hai
mau: bentonit (62,3 m?g) va W-
TiOz/bentonit  (223,2 m?g) nhan
thay, cac hat W-TiO, trong cau trdc
l6p sét da giap cai thién dang ké
dién tich bé mat riéng cua sét. Két
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qua nay mot lan nita khang dinh da
chéng thanh cong bentonit boi cac hat
W-TIiO,.

W-TiO,/Bentonit

1/2

[F(R).hv]
B o kM w A o e N ® ©
I f L 1 | 1 1 ! 1

Bentonit

Niing ligng viing cim, eV

Hinh 4. Phé UV-Vis cuia cac mau:
TiO,, W-TiO,, W-TiOy/bentonit va
bentonit
Phé UV-Vis cta cac mau: TiO,, W-
TiO,, W-TiO,/bentonit va bentonit &
hinh 4 cho thiy, mau W-TiO, va mau
W-TiOy/bentonit ¢6 do hap thu quang
chuyén dich manh vé ving anh sang
nhin thiy hon so véi mau TiO; khong
dugc pha tap. Qua su tinh toan céc
gia tri nang luong ving cam Epg tir
hinh 4 nhan thay, mau TiO, c6 Ep,
khoang 3,0 eV, mau W-TiO; cd Ep,
khoang 2,84 eV va mau W-
TiOa/bentonit c6 Ey,y, nam trong
khoang 2,30 dén 2,84 eV. Nhu vay,
viéc pha tap W vao cau tric mang
tinh thé TiO; ciing nhu viéc dua vat
lieu W-TiO, 18n nén bentonit c6 thé
gilp thu hep gia tri Eyg cua vat licu
TiO,. Két qua nay gop phan ly giai vi
sao hiéu suat phan hay quang trong
ving &nh sang nhin thiy cua cac
mau tang theo trat ty: TiO; << W-
TiO, < W-TiOy/bentonit nhu da thao

luan o trén.



4. KET LUAN

ba danh gia duoc anh huong cua
nhiét do nung va ty I¢ mol WITi(1V)
cho quy trinh diéu ché vat lieu W-
TiOu/bentonit bang phuong phap thuy
phan. Két qua nghién cau cho thay,
vat liéu N-TiOz/bentonit diéu ché o ty
I¢ mol W/Ti = 0,5%, lugng bentonit
2,0 gam va nung & 300°C trong 2h
chu yéu ton tai ¢ dang don pha anata,
c6 kich thudc hat khoang 4,5 nm, ¢6
dién tich bé mat riéng khoang 223,2
m?/g, ¢6 Epg khoang 2,30 dén 2,84 eV
va cho hiéu suat phan huy quang cao
nhat. Dung dich MB & nong do cao
(200 mg/l) gan nhu bi phan huy hoan
toan trén vat liéu diéu ché duogc chi
sau 2 gio chiéu xa. Ngoai ra, nghién
ciru con cho thay ca ion W(VI) va
bentonit déu thé hién vai tro uc ché su
tang trudng cac hat tinh thé TiO,. Khi
chéng thanh cong sét bentonit boi cac
hat W-TiO; thi ¢6 thé lam ting dang
ké dién tich bé mat cua sét. Két qua
da tao ra duogc loai vat lieu W-
TiOz/bentonit c6 nhiéu tiém ning
trong viéc loai bo cac hop chat hiru co
doc hai ndi riéng va xir Iy moi truong
bi 6 nhiém n6i chung.

LOI CAM ON i ‘
Nghién ctru nay dugc ho trg boi dé tai
ma s6 B2015.20.01 ctiia Bo Gido duc
va Pao tao. Nhom nghién cau gui loi
cam on dén B GD va DT da hd trg
kinh phi dé dé tai c6 thé duoc trién
Khai.
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