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SUMMARY

ENHANCED PHOTOCATALYTIC PERFORMANCE OF VISIBLE LIGHT TiO;
BY TiO»/WO; HYBRID MATERIAL

The nanocomposites photocatalyst of TiO,-WO3 was prepared by sol-gel and combined with
calcination method at 425°C in one hour. The mesoporous WOs-TiO; photocatalysts with different
loadings of W (12, 14, 15, 17 and 20) wt% were used to remove methylene blue (MB 20%) from
aqueous solution. The prepared photocatalysts were characterized by XRD, FTIR, BET, SEM, UV vis
and EDX analysis. The XRD showed that the samples TiO»-WQO3 have signals of phases of TiO, and
WO;s. However, the sample TiO,-WOj3 (>20 wt% W) has signals of rutile phases of TiO,. The ultraviolet
visible diffuse reflection spectra (DRS) indicated that the addition of WOj3 to TiO; decrease the band
gap energy. The photocatalytic measurements showed that WO3 combined with TiO,, by which could
hinder the recombination rate of excited electrons/holes and increased the photodegradation of MB to
99% after 150 minutes on the sample 15 wt% TiO»-WOs. The experimental results indicate that under
visible-light irradiation, the optimal dose of the photocatalyst was 1.4 g/l. The TiO»-WO3 photocatalytic
had a high potential for recycling.
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1. GIOI THIEU wolframdioxit, cho phép ting dung trong thuc
Trong nhitng ndm gin day, viéc st dung TiO, té [5]. Khi lai ghép TiO, véi WOs s& gitip giam
nhu 12 mot chit quang xic tic trong qué trinh ning lwong ving cdm TiO,, giam su tai két
oxi hoa ting cudng dé xir Iy cac chit 6 nhidm hop electron va 1§ tréng tir d6 nang cao hoat
hiru co bén dang rit dugc quan tim. Tuy nhién, tinh x{ic tic quang & ving kha kién hodc c¢6 thé
img dung ciia xtc tac TiO, trong thuc tién con sit dung & diéu kién anh sang mit troi [2, 6].
han ché, vi n6 c¢6 muc ning lugng ving cim Trén thé gii hién nay sb luong cong trinh
16n nén chi thé hién hoat tinh xuc tic trong cong bd vé linh vyc nay ngdy cang ting, diéu
ving UV va hoat tinh xtc tic chi thé hién d6 cho thiy tAm quan trong cia van dé. O Viét
manh khi & dang nano. Dé c6 thé ting hoat tinh Nam, s6 lwong cong trinh céng bd vé viée diéu
XUc tic quang trong ving anh sang kha kién, ché TiO; bién tinh, dic biét 1a nghién ciru bién
ngudi ta dd nghién ctru bién tinh TiO, bing tinh TiO, bang cac oxit cua kim loai chuyén
kim loai, phi kim hodc tao composite v&i tiép dang con it va chua toan dién.

nhitng oxit ban dian khic nhu TiO,-Fe,Oy, Trong nghién ciru nay, vat li€u xic tac quang
Ti10,2-V;,0s, TiO2-WOs, TiOz-MOO3,...[1,2,3,4]. TiO, va TiO; - WOs duoc téng hO’p theo
Theo nhimg nghién ciru gin day cho thiy, phuong phap sol gel véi tién chit TiO, lay tir
WO; la dang 6n dinh nhit trong ho TTIP (Titanium isopropoxide) va WO; ldy tir
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natri vonframat dihydrat (Na,WO4.2H>0). Vit
liéu dugc dic trung ciu triic bang cac phuong
phap XRD, SEM, TEM, FT-IR, UV-Vis EDX,
BET. Hoat tinh xuc tac quang cta vt li€u
dugc kiém chimg trén sy phan hiy xanh
metylen (20 mg/l) dudi 4nh sang kha kién.

2. THU'C NGHIEM

2.1. Téng hop vit li¢u

Héa chat:

TTIP (Titanium isopropoxide 98% -Merck),
acid nitric (HNOj3; 68 %), ancol etylic (C;HsOH
99,7% - PA) va natri vonframat dihydrat
Na,WO04.2H,O  (Merck), xanh
(Ci6H18CIN3S.3H,0).

chng hop vat liéu TiO,

- Dung dich A: 6 ml TTIP hoa tan vao 34 ml
C,HsOH.

- Dung dich B: 17 ml C,HsOH khan; 0,4 ml
HNO3; 1,6 ml nuée cét.

- Nho tir tir dung dich A vao dung dich B dong
thoi khudy manh ¢ nhiét do phong trong vong

metylen

2 gio cho dén khi thu dugc dang sol trong sudt.
Sol dugc lam gia di ¢ nhiét d¢ thuong trong
vong 2 ngay sé thu dugc gel. Gel dugc say kho
& 100°C trong vong 24 gio, r0i chuyén sang
nung trong vong 3 gio ¢ 425°C ta thu duogc vat
liu TiO,. Mau vét lidu duoc nghién lai that
min bang cbi ma nio.

Téng hop vt liéu TiO»-WO;

Thyc hién qua trinh twong ty nhu tong hop
TiO, nhung & dung dich B ta cho thém mot
lugng mubi vonframat dihydrat lan luot 1a: 0,8
gam; 0,9 gam; 1,0 gam; 1,2 gam; 1,4 gam
tuong Ung v6i ti 16 phan trim khéi lugng W
trong mau lan luot 1a x% (voi x% 1a 12% ;
14%; 15%; 17%; 20%) tuong tng véi ki hiéu
mau 1a TiO, - WO3x%.

2.2. Thi nghiém khdo sat hoat tinh xic tac
Cho 100 ml dung dich xanh metylen (MB) (20
mg/l) vao cbc dung tich 250 ml, tiép d6 thém
mdt luong xtic tac thich lyp, khudy & toe do
khong dbi. Dé trong bong tdi 30 phit dé dat
can bang hép phy, sau d6 dem chiéu sang bang
den Led 40W (Kingled LB-40-T120). Sau cac
khoang thoi gian chiéu sang nhét dinh, nong do
chit hitu co con lai s& duoc xac dinh bé'mg
phuong phap phan tich tric quang.

131

2.3. Phuong phap phan tich
Thanh phﬁn pha cua vat liéu dugc xac dinh
bang phuong phap phuong phap nhidu xa tia X
(D8 — Advance 5005), kich thude hat dugce tinh
trinh  Debye -

tr  phuong Scherrer

- 089 .
r= ———

B.cos O hanp phan nguyén t5 trong
méu duge x4c dinh bang phwong phap phé tan
xa nang luong tia X - EDX (JEOL-JSM 6490).
Khéo sat hinh dang bé mat hat, bién gidi va
kich thudc hat bang kinh hién vi dién tir quét
SEM (Hitachi S4800) va hién vi dién tir truyén
qua TEM (JEOL JEM-1010
Microscope). Kha ning hip thu anh sang cua

Electron

cac hé xuc tac duge dic trung bang phd hap
thu UV—Vis (Tasco-V670 photospectrometer).
Khao sat do xép va dién tich bé mit riéng cua
vt liéu bang phuong phap BET. Lién két trong
vat liéu dugc xac dinh bang phd FTIR. Nong
d6 xanh metylen duoc xac dinh bang phwong
phap tric quang tai budc song 663 nm (UV-vis
Novaspec II, Duc).

3. KET QUA VA THAO LUAN

3.1. Pac trung vit liéu
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Hinh 1. Gian dé nhiéu xa tia X cua TiO:va

TiO,-WO;3 15%

Tir gian dd nhidu xa tia X (hinh 1) cho thiy

TiO; chua bién tinh va TiO, sau khi bién tinh

bdi WO; chi ton tai cac pic didc trung cho cau

tric TiO, & pha anatase tai cac vi tri 20 =

25,29°; 37,78"; 48,00%; 53,90°; 53,92%; 62,74

tyong Ung v6i cac miat phang (101), (004),

(200), (105), (211), (204). Két qua nay phu hop

Vi cac bao cdo cho ring khi pha tap WOs vao

TiO, da khong 1am bién dbi thanh phan pha



cua vat liéu. Vat liéu TiO-WO315% vén &
dang pha anatase. Tin hi€u twong (ng véi phan
xa chinh cia WOs ciing dugc phat hién tai
23,11°; 23,67°; 24,23°; va 33,85°; tuong ung
voi cac mat (002), (020), (200), and (202).
Ngoai ra kich thuéc tinh thé dwoc tinh theo
cong thirc Debye scherrer cho thiy co sy giam
tr 9 nm (mdu TiO,) xudng con 7 nm (mau
Ti0--WO;315%). Két qua phan tich XRD cho
thdy c6 sy ton tai cia pha WO; trong TiO; va
mau sau khi bién tinh, kha nang c6 hoat tinh
Xuc tac quang cao hon TiO; chwa bién tinh.

S4300-NIHE FB10KY 8.0 %200 SEIM

(a)
Hinh 2. Anh SEM ciia méu TiO>-WO0315% odo
phéng dai 200 nghin lan (a) va 50 nghin lan (b)

(b)

Két qua anh hién vi dién tr quét (hinh 2) cho
thdy miu thu dwoc ¢ dang nano, cac hat kha
dong déu va bé mat twong d6i dong nhat dang
tinh thé. Kich thudc hat cta vat liéu khoang 9
nm. Mau thu dugc c6 mau sic bién dbi so véi
mau tring ctia TiO, dang nguyén chat.
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Hinh 3. Phé FTIR cia mau TiO> -WO; 15%

Phd FTIR cua miu TiO,-WO; dugc thé hién
trong hinh 3. Pic 3400 cm™ va 1629 cm’! véi
cuong d6 manh dac trung cho dao dong kéo
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dan va dao dong udn cua nhém -OH cuia céc
phan tir nuéc hap phu trén bé mit vat liéu. Tai
dinh pic 833 cm twong mg vé&i dao dong bién
dang cua Ti-O. Tai pic 1384 cm’! dic trung
cho sy dao ddng cuia lién két W=0 trong tinh
thé WOs. Trong d6 mét sb pic tai ving 1368
em dén 1401 cm' dic trung cho dao dong
kéo dan cua lién két W=O0 trong tinh thé WOs3.
Két qua phd hong ngoai da cho thay su thanh
cong trong tong hop vat lidu TiO,-WOs va
cling da ching minh sy thanh céng cua qua
trinh lai ghép WOs vao TiO,. Két qua nay phu
hop véi két qua thu dugc tir gidn d6 nhiéu xa
tia X. Su c6 mat cuaa W trén vat liéu TiO, -

WO; 15% ciing duge chimg minh qua két qua
phan tich EDX.
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Hinh 4. Phé EDX ciia méu TiO>-WO0;315%

Két qua phan tich phé EDX (hinh 4) cia miu
Ti0,-WOs5 cho thdy thanh phan cac nguyén tb
ngoai nhitng nguyén té chinh Ti, O con ¢6 su
ton tai cua nguyén t6 wolfram véi ti 18 % sb
mol cta W/Ti khoang 13-15% & 5 vi tri liy
mau khac nhau. Két qua nay gan vdi ti 18 %
wolfram theo tinh toan pha tap ban du. Piéu
nay cho thdy su thanh céng trong qua trinh
tong hop vat liéu nano TiO, véi WO;. Két qua
nay phu hop véi két qua phan tich FTIR, SEM.
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Hinh 5. Puong ddng nhiét hap phu - gidi hdp phu nito (a)
va dién tich bé mat BET (b) cua mau TiO>WO3 15%

- Dién tich bé mit: 19,67 m¥/g

- Thé tich 15: 0,039 cm?/g

- Kich thudc 15: 6,59 nm

Két qua hinh 5 chi ra ring duong cong hip
phu-giai hép phu N, thudc loai IV theo cach
phan loai IUPAC. Vit li¢u TiO,-WO315% cb
dang mao quan vdi dién tich bé mat 1a 19,67
(m*g). Vat lidu co kich thuéc 16 16n nén da
g6p phan luu gitt cac phan tir chét hitu co co
kich thich 16n trén bé mit, tao thuan loi cho
qué trinh phan huy cac chét hitu co béi xiic tac.
Nhu vay xuc tac tong hop duoc co kich thude
15 16n, c6 hé théng mao quan ddng déu 14 yéu
td quan trong gop phan ting hoat tinh ciia xuc
tac.

Vai tro WO; khi lai ghép voi TiO, dugc thay
13 hon & két qua phén tich phé UV-Vis ¢ dang
mAu ran.
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Hinh 6. Phé UV-Vis ciia mau TiO> va TiO»-
WO; 15%
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Phé hép thu UV-Vis & dang mau rin (hinh 6)
cho thdy bién do héap thu cia TiO, dwoc md
rong nhidu vé phia ving sang kha kién khi
ghép v6i WO;. Su giam ning luong ving cdm
duogc giai thich nhu sau: viéc dua WOs3 vao tinh
thé TiO, da tao thanh cip chéat ban dan véi
TiO; tao budc chuyén dién tich theo kiéu béc
thang (hinh 7) [2,7]. Piéu nay gitp rat ngin
qué trinh chuyén dich dién tich nén lam giam
ning luong ving cdm va xtc tic TiO,-WOs ¢6
thé hoat dong trong vung kha kién [2, 5,7].
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Hinh 7. Co ché qud trinh két hop TiO»-WOj
Nhu vay, viéc lai ghép TiO, véi WO;3 da gop
phan lam giam ning luong ving cdm, xic tic
chuyén ving hoat dong vé ving kha kién, gop
phan giam su tai két hop electron va 15 tréng
quang sinh. Diéu nay s& gitp tang hoat tinh cta
Xuc téc.



3.2. Khio sat hoat tinh xic tic quang cia
vét liéu tong hop trén sy phan hiy xanh

metylen
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Hinh 8. Hiéu sudt phdn hity xanh metylen trén
cde mau xuc tac TiO;va TiO»WO0s315%

Tir két qua thu dwoc ¢ hinh 8 cho thiy hiéu
sudt phan hity xanh metylen dudi diéu kién anh
sang kha kién cua TiO, sau khi lai ghép
wolfram oxit cao hon so véi TiO, chua thuc
hién lai ghép. Trong khoang thoi gian 150
phit, hiéu sudt phan hiy xanh metylen cua
méu TiO, bién tinh da dat trén 90%. Hiéu qua
xuc tac TiO, tang khi tao vat liéu lai ghép voi
WO; dugc giai thich nhu sau: khi lai ghép oxit
WO; vao TiO, dd tao nén cip chit ban dan
(hinh 7). Vi véy khi bi 4nh sang chiéu vao
TiO,, electron trude khi tré vé ving hoa tri da
nhay sang ving dan cua WOs; va truyén
electron trén ddy ning luong cia WO;. Piéu
nay gitp rat ngén budc chuyén electron va thoi
gian luu gitr electron quang sinh lau hon nén
xuc tac da chuyén ving hoat dong tir tr ngoai
sang kha kién va co hoat tinh tot hon TiO,
khong lai ghép. Két qua nay mo ra trién vong
tmg dung xtc tic dé phan hiy cic hop chat
hitu co bén duéi anh sang kha kién.

3.3. Khéo sat anh huwéng cia lugng wolfram
dén qua trinh tong hop vit li¢u
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Hinh 9. Gian d6 nhiéu xa tia X ciia cde méu
TiO, —WO;3 x% (voi x ham luwong wolfram
khac nhau)

Tir két qua nhidu xa tia X (hinh 9) cho thdy cac
méu chira thanh phin wolfram pha tap khéac
nhau déu xuit hién pha cua TiO, va WOs. Tuy
nhién thanh phan pha ciia miu TiO, chira
Iugng 1on wolfram (>20%) c¢6 khuynh hudng
chuyén sang dang pha rutile. Diéu nay cho thiy
véi lugng wolfram thich hgp s€ gitip ngan sy

chuyén pha tir anatase sang rutile.
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Hinh 10. D6 thi biéu dién % xanh metylen

phdn hiy theo thoi gian chiéu sang ciia cdc

mau TiO»WOx% (x% = 12%; 14%; 15%;

17%; 20%)

Hinh 10 cho thdy, khi ting lwong wolfram
trong mau tir 12% dén 15% thi hiéu suit xuc
tac quang tiang. Néu tiép tuc ting %W trong
méu 16n hon 15% thi higu sut xtc tac quang
giam. Diéu nay c6 thé dugc giai thich khi
lugng wolfram trong miu nho hon 15% thi
hiéu qua két hop véi TiO, dé tao cip chat ban
dan chua cao nhung nguoc lai khi ham luwong
wolfram qua 16n thi mic do tai két hop giita
electron va 18 tréng quang sinh ting nén hi¢u
suat phan hity quang giam. Vay %W thich hop



nhit cho viéc tong hop vat liéu 1a 15% thi hi¢u
suét phan hily xanh metylen 12 t6i wu nhat.

3.4. Khio sat cac yéu t6 anh hwéng dén qua
trinh phan hiy xanh metylen trén hé xuc tac
TiO02-WO3

3.4.1. Anh hwong ciia nguon sdng kich thich

—=&— bong t6i
—e—den led =
—4A— anh sang mat trdi =

I T T
Thdi gian (phut)
Hinh 11. Pé thi s phan hity MB trén xiic tdc
TiO,-WO3 & diéu kién chiéu sang khdc nhau
Két qua sy phan hiy xanh metylen (hmh 11)
cho thdy, xuc tac tong hop dugc l1a xuc tac
quang héa. Khi khong duoc chiéu sang, hiéu
sudt phan hiy gin nhu khong dang ké. Khi
duoc chiéu sang hi€u qua xdc tac ting manh.
Két qua cho thay khi xtic tac dugc chiéu sang
boi dén led thi hiéu qua xir 1y gan twong dwong
v6i anh sang mat trdi (chtra 5% tia UV). Diédu
nay thuan lgi cho viéc img dung xtc tac dudi
diéu kién anh sang mat troi. Tuy nhién dé
thuan lgi va 6n dinh cho viéc nghién cuu
khong phai phu thuc vao thoi tiét, ching toi
da lya chon dén led lam ngudn 4nh sang cho
qué trinh xuc tac quang.
3.4.2. Anh huwéng ciia lwong chit xic tic
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Hinh 12. Pé thi anh huéng ciia heong chat xiic
tac TiO»-WO; dén hiéu sudt phdan hity MB

Tir két qua Hinh 12 cho thdy luong xuc tac
Ti0,-WOs téi wu ding cho qué trinh phan huy
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xanh metylen 1a 1,4 g/l. Néu sir dung luong
XUc tac qua nhiéu c6 thé s& taing d¢ duc cla
dung dich, gdy sy can quang lam giam hoat
tinh cua xuc tic dan dén hiéu qua xir Iy giam
hodc c6 thé khi tang luong xiic tic lam ting
kha ning lién két giita cac hat xuc tac lai véi
nhau dé tao nén hat 16n hon kém hoat dong nén
cling ¢6 thé 1am giam hiéu qua xur 1y cia xuc
tac.

3.4.3. Anh hwong ciia pH dung dich xanh
metylen dén két qua xir ly

207 —a—apH, —pH, -pH,
1.5-
1.0
0.5 .

ApH,

0.0

-0.5

-1.0

-15

Hinh 13. Sy phu thuéc ApH; vao pH; ciia mau
TiO,-W0315%

Két qua ¢ hinh 13 cho thdy, ddi véi vat liéu
TiO--WO315%, ¢ dd thi cit truc hoanh tai pH;
= 6,78. Do d6 c6 thé xac dinh dwoc diém dién
tich khong (PZC) cua vat liéu nay la 6,78.
Nghia 1a, tai pH < pHpzc, bé mit vat liéu tich
dién duong, nguoc lai, tai pH > pHpzc, bé mat
vat liéu tich dién am.

0.8+

o
o
1

Gia tri C/Cq
o
S
1

o
)
1

0.0+

0 20 40 60 80 100 120 140 160
Thai gian (phut)
Hinh 14. S thay d@6i C/Co theo thoi gian chiéu
sang voi dung dich xanh metylen ¢ pH khdc
nhau



Hinh 14 cho thdy, trong ving pH axit manh
hodc kiém manh thi hiéu suit phan huy cia
xanh metylen thip (H% < 60%) sau 150 phut
chiéu sang. Trong ving pH gan vé méi truong
trung tinh (pH = 7,09), hiéu suit phan hay cua
xanh metylen 13 tot nhit (H% > 90%). Piéu
nay c6 thé giai thich nhu sau: Vi diém dién tich
khong cta Ti0,-WO0315% la 6,78 nén khi ting
pH tir 7,09 d&én 10,02 thi lvong OH- trong dung
dich tang. Khi d6 xtc tic s& chuyén thanh ion
tich dién am (phuong trinh a):

TiOH + OH =TiO" + H,0(a)

TiOH + H' == TiOH," (b)

Xanh metylen ciling bi ion héa nén mang dién
tich 4am. Diéu nay lam giam kha nang hip phu
xanh metylen trén bé mat xtic tic nén hiéu suét
phan huy giam. O pH thip (pH < 6,78) hiéu
qué phan hay thip. Piéu nay c6 thé do & pH
thép, vat li¢u luc nay tich dién duong nén xanh
metylen bi hap phy véi lugng 16n trén bé mit
chét xuc tac gy can tré trong viéc nhan anh
sang. Két qua cho thdy pH dung dich tot nhat
cho qua trinh phan huy dung dich xanh
metylen 1a 7,09. Nhu vy vat li€u t6 ra cé kha
nang hoat dong trong mdt vung pH kha rong
va phu hop véi moi truong ty nhién.
3.5. Khio sat kha ning thu hoi va tii sir
dung xuc tac

0 30 60 90 120 150 180 210 240 270 300 330 360 390 420 450 480
Theoi gian (phut)

Hinh 15. Két qua tdi sit dung xiic tac TiO»-
WOs3 sau lan 1 (a), lan 2 (b), lan 3 (c)
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Do bén ciia xic tac trong qué trmh phan hiy
xanh metylen du6i anh sang kha kién duoc thé
hién qua hinh 15. Xuc tic sau nhing lan sir
dung chi can tich khoi dung dich, rira bing
nude ma khong can xir 1y gi thém. Két qua cho
thdy xuc tac van thé hién hoat tinh tt sau 3 1an
st dung. Kha nang phan huy xanh metylen qua
3 1an st dung van dat hiéu suit cao (H% >
90%). Tur nhimng két qua nghién ctru da cho
théy xuc tac Ti0,-WO0315% 1a mdt vat liéu xuc
tac quang hoa c6 do bén cao, phu hop vé mit
kinh té khi img dung vao thuc tién.

4. KET LUAN

Pi téng hop thanh cong vat lidu TiO-WO;3
theo phuong phéap sol gel két hop vdi nung.
Viéc lai ghép mot ti 1€ thich hgp WO; voi TiO,
dd giup ngin sy chuyén pha anatase sang
rutile, chuyén ving hoat dong ciia xtc tac tir tir
ngoai sang kha kién, hoat tinh xuc tic quang
duoc ting cudong nhd qua trinh tao cip chat
ban dan lam giam téc d6 tai két hop electron va
16 tréng. Thanh phan pha cua TiO;, trong miu
bién tinh & dang pha anatase va hat thu dugc
¢6 kich thudc khoang 9 nm. Thanh phan pha
WOs trong vat liéu ciling da dugc khéng dinh.
Nghién ctru nay cho thay vat lidu TiO,-WOs3 1a
mot chét xiic tac quang hoa co tiém ning tmg
dung trong qua trinh phan hity cac chat hitu co
doc hai dudi diéu kién anh sang kha kién.

Loi cam on. Nghién curu nay dwoc tai tro mot
phan kinh phi tr Dy dn TEAM (md sé
ZEIN2016PR431).
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