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T&ng hgp vét liéu composite TiO,-V,05 lam xUc tac cho qua trinh quang phan hily xanh

metylen dudi anh séang kha kién
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The nanocomposites photocatalyst of TiO,-V,0s was prepared by
heating method at various temperatures as 400 °C; 425 °C; 450 °C; 500
°C; 550 °C in an hour. The V,0s doped TiO, with variation of vanadium
mass percentage (4,9% ; 7,3%, 9,7%; 12,2% and 14,6%). The
experimental results indicated that the annealing temperature and
vanadium mass percentage were important factors for the morphology
of samples which influenced the number of efficient TiO,-V,0s nano-
heterostructures. The phase structures of TiO;-V,Os catalysts with
different loading rates were characterized by Scanning electron
microscope (SEM), X-Ray diffraction (XRD) and Fourier transform
infrared  (FT-IR) spectra, diffuse reflection spectroscopy UV-Vis,
Transmission  Electron  Microscopy (TEM), Energy-dispersive X-ray
spectroscopy (EDX) and Nitrogen isothermal adsorption (Brunauer-
Emmett-Teller-BET). The combination of vanadium oxide with TiO2

could help

electrons/holes.
degradation of methylene blue (20 mg/l)

to decrease the

recombination rate of excited
photocatalytic ~ activity was evaluated by
in solution with the yield

The

more than 90% after 2 hours under visible light irradiation.

Gigi thiéu chung

Trong thoi gian géan day, vat liéu quang xuc téc dang
nhan dudc su quan tam réng rai vi ching cé thé dugc
Ung dung vao x ly céc chét hda hoc déc hai trong
nudc va khéng khi nhd vao qué trinh oxi hda tang
cuong. Titan dioxit dugc biét dén nhu mét xdc tac
quang day tiém nang vi nhiing thudc tinh quang hoc va
tinh chét dién t& ctia nd, chi phi thép, bén vé mat hoa
hoc va khéng déc. Tuy nhién TiO, chi thé hién hoat tinh
trong vung bdc xa tf ngoai da gidi han kha nang Ung
dung clia loai xtc tac nay. DE cd thé tang hoat tinh xic

tdc quang trong vung &nh sang kha kién, ngudi ta da
nghién clu bién tinh TiO, bang kim loai, phi kim hodc
tao composite vd&i nhiing oxit ban dan khac nhu TiO,-
FeXOy, TiOZ-VQO5, Ti02-W03, TiOZ-MOO}...[T,Z,B] TfOﬂg
do TiO, dugc bién tinh bang V,O0s gidp tao thanh cap
chédt ban dan nhdm gidm nang luong vung cdm TiO,,
tU d6 nang cao hoat tinh xdc tac quang vung anh sang
kha kién [4].

Trong nghién clu nay vat liéu xdc tac quang TiO, va
TiO, bién tinh dugc t8ng hgp theo phuong phép sol-
gel két hgp vdéi qué trinh nung & nhitng diéu kién nhiét
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dé khac nhau. Vét liéu dugc déc trung céu tric bang
cac phuong phap XRD, SEM, TEM, FT-IR, UV-Vis EDX,
BET. Hoat tinh xUc tdc quang cua vat liéu dugc kiém
chiing trén sy phan hiay xanh metylen (20 mg/l) dudi
anh sang kha kién.

Thyc nghiém
2.1. T6ng hgp vat liéu

Hda chét: TIOT (tetraisopropyl orthotitanate 98%), axit
nitric (HNO3 68%), ancol etylic (CoHsOH  99.7%) va
amoni vanadat (NH4VOs) tinh khiét , xanh metylen
(CisH1gCIN3S)

Téng hop vat liéu TiO»

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

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

Sau do, nho tU tU tung giot dung dich A vao dung dich
B dong thai khudy manh & nhiét dé thusng. Hon hop
thu dugc dugc khudy & nhiét do phong trong 2 gid cho
dén khi thu dugc dang sol trong sudt. Sol sau do dugc
lam gia di & nhiét do thudng trong 2 ngay sé thu dudc
gel. Gel dugc s&y khd & 100°C trong 24 gid, roi chuyén
sang nung trong 3 gid & 425°C ta thu dugc vat liéu
TiO,.

T6ng hop vt lidu TiO>-V>0s:

Thuyc hién qué trinh tuong ty nhu téng hgp TiO> nhung
¢ dung dich B ta cho thém mét lugng mudi amoni
vanadat lan luct la: 0,1 g; 0,15 g; 0,2 g; 0,25 g; 0,3 g
tuong Ung vdi ti 1é phan trdm V trong mau lan luct 3
X% V,05-TiO, (v&i x 1a 4,3% ; 6,4%; 8,6%; 10,7%; 12,8% )

2.2. Thi nghiém khao sat hoat tinh xtc tac

Hoat tinh xUc tac dugc ki€m chiing trén sy phan hay
xanh metylen (20 mg/l) va ndng dé xdc tac (1,8 g/l).
HOn hop dugc khudy trong bdng téi 30 phit dé dat
can bang hédp thuy, sau dé chiéu sédng bang den
compact (36W). Nong dé xanh metylen con lai dugc
xac dinh bang phuong phép trdc quang.

2.3. Phuong phéap phan tich

Thanh phén pha cla vat liéu dugc xéc dinh bang

phuong phép phuong phép nhiéu xa tia X (D8 -

Advance 5005), kich thudc hat dugc tinh tU phuong

©_ 0.89. A  Thanh phin
B . coso

nguyén t& trong mau dugc xéc dinh bang phuong

trinh Debye - Scherrer

37

phap phd tan xa nang luong tia X - EDX (JEOL-JSM
6490). Khdo sé&t hinh dang bé mét hat, bién gidi va kich
thudc hat bang kinh hién vi dién ti quét SEM (Hitachi
$4800) va hién vi dién ti truyén qua TEM (JEOL JEM-
1010 Electron Microscope). Kha nang hép thu anh sang
clia cac hé xic tac dugc dac trung bang phd hép thu
UV-Vis (Tasco-V670 photospectrometer). Khao sat do
x6p va dién tich bé mat riéng cla vat liéu bang phuong
phép BET. Lién két trong vat liéu dugc xéc dinh bang
phd FTIR. Nong do xanh metylen dugc xac dinh bang
phuong phép tréc quang tai budc song 663 nm (UV-vis
Novaspec I, Buc).

K&t qua va thao luan
3.1. Bdc trung vat liéu

T gidn do nhiéu xa tia X (hinh 1a) cho thédy TiO, chua
bién tinh cé sy xuét hién nhiéu dinh pic dac trung cho
pha rutile con mau TiO, sau khi bién tinh bdi V,O5 chi
ton tai cac pic dac trung cho cdu tric TiO, & pha
anatase (hinh 1b). K&t qué nay phu hgp vdi cac bao céo
cho réng khi pha tap V,0s vao TiO, con gilp ngan sy
chuyén pha tU anatase sang rutile, han ché& sy hinh
thanh tinh thé TiO, pha rutile [5].

Faculty of Chemistry, HUS, VNU, D8 ADVANCE-Bruker - TiO2

(@

(Cps)
H

Lin

VNU-HN-SIEMENS DS006 - Mau V206 - Ti02 (02)

Lin (Cps)

Hinh 1: Gian dd nhiéu xa tia X clia TiO> (a)
va TiO,-V,05 (b)
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Dinh pic dac trung cho tinh thé V,Os (hinh 1b) clng
dugc phat hién tai vi trf 26 = 20,26° [6]. Ngoai ra kich
thudc hat dugc tinh theo cong thuic Debye scherrer cho
thdy co sy gidm t& 9 nm (mau TiO,) xudng con 5 nm
(méu TiO,-V,0s). Diéu nay dudc gidi thich do co thé su
thay th& mot phan Ti bang V gdy ra mét s6 khiém
khuyét trong mang tinh thé va lam giam kich thudc hat.
Do dé méu TiO; sau khi bién tinh kha nang c6 hoat tinh
xUc tac quang cao hon TiO, chua bién tinh. Két qua
XRD da cho thdy su c& mat tinh thé V,Os trong thanh
phan cla TiO,.

Hinh 2: Anh SEM ctia mau TiO»-V,0s & do phong dai
50 nghin 1an (a) va 200 nghin I&n (b)

K&t qua anh SEM (hinh 2) cho thdy mau TiO,-V,0s thu
dugc & dang nano, cac hat kh& dong déu va bé mat
tuong déi dong nhét dang tinh thé.

0.15 - 425C002
Print Mag: 208000x @ 51 mm
10:01:36 a 01,23,18

TEM Mode: Imaging

20 nm

HV=80.0kV

Direct Mag: 100000x
EMLab-NIHE

Hinh 3: Anh hién vi dién t truyén qua TEM clia mau

Ti05-V505

K&t qua anh TEM (hinh 3) cho thdy mau c6 chita nhiing

hat nano rat min, kha dong déu. Kich thudc hat trung

binh khodng 8 nm. Két qua nay kha phu hgp vdi két

quéd kich thudc hat tinh dugc tu phuang trinh Debye-

Scherrer. Qua do mét lan nita ching minh mau TiO; -

V5,05 thu dudc ¢ kich thudc nano.

12

08

08 (b)

AbS

04

(a)

300 400 500 600 700 800

Budce song (nm)
Hinh 4: Ph& UV-vis cta TiO, (a);TiO»-V,0s (b)

Phé hdp thu UV-Vis do & dang ran (hinh 4) cho thdy
bién hédp thu cta TiO, dugc md réng nhiéu vé phia
vung sang kha kién khi pha tap V.0Os. Su gidm nang
luong vung cdm dugc giai thich nhu sau: viéc dua V,Os
vao tinh thé TiO, d3 tao thanh cdp chat ban dan vdi
TiO, nén d3 lam gidm budc chuyén electron [4], dan
dén sy gidam nang lugng vung cdm vi véy bién hdp thu
da dugc md réng vé phia séng dai véi mau TiO,-V,0s.

PhS FTIR clia mau TiO,-V>0s dugce thé hién trong hinh
5. Pic 3397 cm™' va 1645 cm” V6 cudng dé manh dac
trung cho dao dong kéo dan va dao ddong uén cla
nhém -OH cla céc phan t& nudc hap phu trén bé mat
vét liéu [6]. Tai dinh pic 810 cm™ dén 678 cm™ tuong
Ung vdéi dao déng bién dang cla Ti-O [7]. Tai pic 957
cm’” dac trung cho sy dao déng cla lién két V=0 trong
tinh thé V,0s. Trong dé mét s& pic tai vung 1136 cm”
dén 956 cm”' dic trung cho dao déng kéo dan cua lién
két V=0 trong tinh thé V,0s [6]. K& qua phd hong
ngoai cho thdy su thanh coéng clia qué trinh pha tap
V5,05 vao TiO,. Két qua nay da kiém chiing cho két qua
thu dugc tir gidn do nhiéu xa tia X.

1162018 1:4303 PM
Instrumen; FTIR Afini

Deganment of Inorganic Chemistry, HUS-VNU

518

T T T T T 1
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Hinh 5: Ph6 FTIR ctia TiO, — V20s
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K&t qua phan tich phd EDX (hinh 6) clia mau Ti0,-V,0s
cho thdy thanh phan cac nguyén t6 ngoai nhing
nguyén t6 chinh con cé thém su xuét hién mét lugng
nhd cla nguyén t6 vanadi. K&t quad nay moét lan nlra
chiing minh cho két qua dua ra tr phan tich phd héng
ngoai va gian do XRD. Diéu nay mét lan nlta khang
dinh su thanh céng trong qua trinh tao composite V,0s
vdi TiO;.

Full scale =085 counts/s

Cursor: 71475 keY

Nguyén to (% khoi lwong)
Vv [¢] Ti
3,08 | 34,22 | 62,70

Tong
100.00

Hinh 6: K&t qua phan tich EDX clia mau TiO,-V,0s

K&t qua hinh 7 chi ra rang dudng cong hédp phu-giai
hép phu N, thudc loai IV theo cach phén loai IUPAC.
Vét ligu TiO,-V,0s cb dang mao quan vdi dién tich bé
mat 13 74 (m°/g). Vat liéu TiO,-V,>0s t6ng hop dudce cd
dién tich bé mat tuong déi I6n, tdng hon so vdi TiO;
tinh khiét 13 53 m? /g [8]. Diéu nay co thé gidi thich do
su pha tap V.Os lam gidm kich thudc hat, do do dién
tich bé mét tang.

—— Mau 015452
—g Mau 015452 - Daderption

——

Cuaniy Adsabed (o' STF)
X

o4 o os
Fostate P ssuse (]

Hinh 7: K&t qua phan tich ddng nhiét hap phu - khi
hdp phu nita (BET) cla TiO, -V,0s

39

- Dién tich bé mat: 74 m?/g
- Thé tich 16: 0,072 cm?/g

- Kich thudc 16: 3,6 nm

3.2.Khéo sat hoat tinh xtc tac quang clia vét liéu téng
hgp trén sy phan hdy xanh metylen

40
20 I
0
30 60 90 120

Thoi gian (phut)

100
mTiO2
80 .
B Ti02-V205
60

% xanh methylen phin huy

Hinh 8: Hiéu sudt phan huy xanh metylen trén cac mau
TiO,, TiO,-V,0s theo thdi gian chiéu sang

TU két qud thu dugc & hinh 8 cho théy hiéu suét phan
hdy xanh metylen dudi diéu kién anh sang kha kién cla
cadc méau xic tac sau khi thém oxit vanadi cao hon so
vdi TiO, chua bién tinh. Trong khodng thdi gian 120
phut, hiéu sudt phan hay xanh metylen ctia mau TiO;
bién tinh da dat trén 90%. Hiéu qud xuc tac TiO, tang
khi tao composite vdi V,Os dudgc giai thich nhu sau: khi
pha tap oxit V,0s vao TiO, da tao nén cdp chét ban
dan (hinh 9) [4]. Vi vay khi bi anh sang chiéu vao TiOs,
electron trudc khi chuyén tr ving hoa tri 1én ving dan
da nhdy qua dai nang lugng cla V,O0s. Diéu nay gilp
rit ngan budc chuyén nén xic tac da chuyén ving
hoat dong tU t& ngoai sang kha kién. Ngoai ra vd&i cach
di chuyén nay thi thai gian luu gilt electron & trang thai
kich thich s& 1au hon, ngan su téi két hgp electron va 16
tréng giup tang kha ndng oxi hda cac chét hitu co va
hoat tinh xUc tac cling téng. Vi vay viéc tao composite
TiO,-V,0s da gilp tang manh hoat tinh xdc tac quang
dudi ving sang kha kién. Diéu nay md ra trién vong
Ung dung xUc tac dé phan hly cac hop chét hitu co
bén dudi &nh sang kha kién.
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Hinh 9: Ca ché tang cudng xuc tac quang cua
composite TiO, -V,0s [4]

3.3. Anh hudng ctia nhiét d6 nung dén tinh chét cla
vat liéu TiO, — V,05

Lin (Cps)
[

20 30 40 50 60 70 80
2-theta(dd)

Hinh 10: Gidn dd nhiéu xa tia X clla cd&c mau TiO, -V>0s
dudc nung & nhiét do 400 °C (a); 425 °C (b); 450 °C (0);
500 °C (d); 550 °C (e)

Bdng 1: Kich thudc tinh thé (tinh theo céng thitc Debye-
Scherrer) cho cac mau & nhiét do nung khac nhau

Ten | 4o0°c | 42s°c | 4s0°c | s00°C | s550°C
mau
Kich
thudc
tinh | 30 35 41 42 4,9
thé
(nm)

K&t qua gidn dd nhiéu xa tia X (hinh 10) cho thdy mau
dudc nung & nhiét dé thap dudi 400 °C c6 do két tinh
thdp, qué trinh hinh thanh pha anatase cta TiO, mdi

bat dau chua ré nét, mau chd yéu van con & dang vo
dinh hinh. Mau dugc nung & nhiét dé cao (trén 600 °C)
dé dan dén sy hinh thanh pha TiO, & dang rutile [9] va
theo két qua tinh dugc tur cong thic Debye - Scherrer
cho thdy kich thudc hat cla vat liéu cd sy tang khi tang
nhiét d6 nung. Diéu nay cé thé do su két tu céc hat
TiO, khi nhiét d6 nung tang. Cac mau dugc nung trong
khodng nhiét do tu 400-550 °C déu thu dudc TiO, &
dang pha anatase.

1
0.8
0.6
Q
(@]
5 —e—5500C
04 500 o€
—&—14500C
02 | —g—a50cC
—0—4000C
0
0 20 40 60 80 100 120

Thoi gian (phut)

Hinh 71: D& thi su phu thudc C/C, clia xanh metylen
theo thdi gian chiéu sang clia cac mau dugc nung &
400 °C; 425 °C; 450 °C; 500 °C; 550 °C
TU két qua anh hudng cla diéu kién nhiét do nung dén
sy phéan hly xanh metylen (hinh 11) cho thay diéu kién
nhiét d& nung mau tét nhat & 425 °C. Khi nhiét do
nung tang cao kich thudc hat tang dan dén hiéu sudt
xU ly gidm. Néu nhiét d6 nung mau thdp dan dén do

két tinh mau thap va hiéu sudt xr ly gidm.

3.4. Anh hudng ctia lugng vanadi dén tinh chat cla vat
Iiéu TiOz-VzO5

Lin-Cps

20 30 40 50 60 70 80
2-theta-scale

Hinh 12: Gian dd nhiéu xa tia X clla c&c mau TiO» (a) va

TiO -V,0s véi % V trong mau 4,3% (b); 6,4% (c); 8,6%
(d); 10,7% (e); 12,8% ();

40
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K&t qua nhiéu xa tia X clia cac mau x% Ti0,-V50s, Vdi x
la 12,8%; 10,7%, 8,6%; 6,4%; 4,3% (hinh 12) cho thdy
thanh phan pha clia mau TiO, khéng pha tap vanadi
thu dudc & dang pha rutile. V& méu t8ng hgp ¢ chia
mét lugng V2Os thich hgp co thanh pha anatase. Diéu
nay cho thdy vdi lugng vanadi thich hgp khi pha tap sé
gilp ngan su chuyén pha ti anatase sang rutile. Ngoai
ra két qud hinh 12 cling cho thdy cac mau co6 ham
luong V dudi 8,6% khdng dugc phét hién pic ddac trung
clia V,0s5 (20 = 20,26°). Vay dé c6 sy két tinh V.05 mot
cach rd nét trén xic tac TiO, thi ham lugng vanadi
trong xuc tac dugc téng hop trén 8,6% [6)].

0.8

0.6

—eo—12.80%

CiCo

0.4 | —1070%
—a—8.60%
02 | —m—6.40%
—0—430%
(il |
0 20 40 60 80 100 120

Thén gian (phat)

Hinh 73: D6 thi su phu thudc C/C, clia xanh metylen
theo thdi gian chiéu sang clia cac mau TiO, -V>0s véi %
V trong mau 4,3%; 6,4%; 8,6%; 10,7%; 12,8%

Két quéd cho thdy hiéu qud cla xUc tac tang khi tang
lugng V tU 4,3% dén 8,6% va hiéu qua xic tac giam khi
ham lugng V tang ti 8,6% dén 12,8%. Diéu nay co thé
giadi thich nhu sau khi ham lugng V qué I6n sé lam cho
t6c do téi két hop electron va 16 tréng tang vi khoang
cach gitta cac vung chiém gilt dién tich gidam nén hiéu
qua x ly cua xdc tac giam. Khi lugng V nhd hon 8,6%
thi su hinh thanh tinh thé V,Os chua dudc rd nét, khi do
V,0s t6n tai chu yéu & dang vo dinh hinh nén hiéu qua
xUc tac clng gidam. XUc tac dat hiéu qud cao nhét &
ham lugng vanadi 8,6%.

3.5. Anh hudng ctia lugng chét xtc tac TiO, -V»05 dén
qua trinh phéan hly xanh metylen
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Hinh 14: D6 thi su phu thuéc C/C, clia xanh metylen
theo thdi gian chiéu sang vdi lugng TiO,-V,0s
khac nhau

Tu két qud dugc dua ra & hinh 14 cho thdy hiéu suét
phéan hly xanh metylen cao nhét & lugng xtc tac 1,8 g/l.
Diéu nay co thé duagc giai thich do khi tang lugng chét
xUc tac lam tang dé duc cla dung dich, géy ra sy can
quang va lam phan tan anh sédng nén hiéu sudt phan
hy giam [9].

K&t luan

Viéc nghién clu ché tao vét liéu nano composite TiO,-
V,05 da gilp cai thién dang ké tinh chét xic tac quang
cla vat liéu TiO,. Su dua V,Os vao TiO, da gilp ngan
su chuyén pha anatase sang rutile, chuyén ving hoat
dong cla xidc tac tU t& ngoai sang kha kién, hoat tinh
xUc tac quang dugc tdng cudng nhd quéa trinh tao cdp
chét ban dan lam gidm téc dé tai két hgp electron va 16
tréng. Thanh phan pha cta TiO, trong mau bién tinh &
dang pha anatase va hat thu dugc c6 kich thudc
khoang 8 nm. Thanh phan pha V,Os trong vét liéu cling
da dugc khang dinh. Nghién cltu nay cho thay vét liéu
TiO2-V50s la moét chét xic tac quang hda co tiém nang
Ung dung trong qua trinh phan hdy cac chat hitu co
déc hai dudi diéu kién anh sang kha kién.

L3i cdm on. Cac tac gid xin chan thanh cdm on sy hd
trg mét phan tU du an Team of VLIR-UOS v&i ma s&
ZEIN2016PR431
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