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SUMMARY

SYNTHESIS OF V-TiO; MATERIAL AS PHOTOCATALYSTS FOR
REDUCTION OF CO; TO RENEWABLE FUELS

In the study, vanadium was used as a dopant defected into the TiO, lattice leading to
formation of T i°" and oxygen vacancies in the lattice. The formed Ti’" acted as an
intermediate band between the valence band and the conduction band of the TiO; to
enhance electron — hole separation efficiency. The formed oxygen vacancies on the
photocatalyst surface enhanced the CO, adsorption leading to increase in its
photocatalytic activity even under the visible light. Therefore, the photocatalytic
activity of the V doped TiO; was much higher than that of non-doped TiO,. The visible
light adsorption and photocatalytic activity of the V-TiO, depended on the V doping
ratios. The optimal V doping ratio was 3 wt%.

Keywords: Titanium oxide, doping, vanadium, photocatalytic, CO,, visible light.

1. PAT VAN PE bdo cédo gan ddy cho thdy, ngudn
Su phat thai khi cacbon dioxit (CO;) nguyén liéu nay ngay cang tro nén khan
vao khi quyén tir hoat dong cong nghiép hiém va can kién [3- 5]. Vi vay, cac
da lam gia tang hi¢u rng nha kinh, gay nghién ctru lién quan dén su chuyén hoa
ra hién tuong néng Ién toan cau va bién CO; thanh cac loai nhién li¢u c6 gia tri
d6i khi hau, diéu nay di anh huong nhu metan, metanol, axit fomic da tro
nghiém trong dén doi sdng cua con thanh mot trong nhing hudéng nghién
nguoi ndi ri€ng va cua cac sinh vat trén ctru hap dan nhat trong thoi gian gan
trai dat noi chung [1, 2]. Mit khac, nhan day, nham giai quyét hai van dé 1on
loai da va dang phai ddi mat véi su dang duoc quan tdm hién nay la su
khing hoang ning luong, do ngudn néng 1én toan cau va khung hoang ning
cung cip ning luong cho cac hoat dong lugng.

cong nghi€p va sinh hoat hién nay chu Nhiéu chit xac tac nhu TiO,, ZnO,,
yéu l1a nguon nhién li€u hoa thach. Cac In;O3, C3N4 va CdSe da dugc quan tam
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nghién ctru vé hiéu quéa chuyén hoa CO,
thanh nhién liéu [6, 7]. Khi chat xtc tac
bi kich thich bdi céac tia buc xa, s€ xay
ra sy phan tach cip electron va 16 tréng,
sau d6 electron s& nhay tir ving dan 1én
viung hoéa tri va di chuyén dén bé mat
clia cuia xdc tac, tiép xuc va co thé khir
CO, dé tao thanh cac loai nhién liéu c6
gia tri nhu CH4, CH3;0H, HCOOH.. [1,
8]. TiO, 1a mot trong sb cac chat xtc tac
quang duogc nghién ctu va ung dung
rong rai nhét do tinh 6n dinh, khong doc
va gia thanh thap [9, 10]. Tuy nhién,
nhuge diém cua TiO, 13 chi thé hién
hoat tinh xtc tac duoi tac dung cua birc
xa UV do c6 niang luong ving cidm
khoang 3.2 eV va toc do tai két hop
electron quang sinh va 15 trong nhanh
[11, 12]. Diéu nay han ché kha ning
ung dung cua TiO; trong vung anh sang
kha kién hodc &nh sang mat troi. bé
ting cudng hiéu sudt qua trinh quang
xuc tac cua vat li¢u TiO, trong ving anh
sang nhin thy, nhiéu nghién ctru bién
tinh vat liéu TiO, bﬁng cac tac nhan
khédc nhau nhu céc kim loai, phi kim
hay oxit kim loai da dugc khao sat. Mot

s6 cong bd gan day cho thiy, kim loai V
da duoc str dung phd bién dé pha tap
vao TiO, va két qua di 1am gia ting
hoat tinh quang xuc tac cua TiO; [13,
14].

Do vay, trong nghién ctu nay, vanadi
duoc st dung nhu mdt tac nhan bién
tinh chén vao mang tinh thé TiO, nhim
huéng dén su phan tach cip electron —
16 tréng hiéu qua hon.

2. THUC NGHIEM

2.1. Pac trung vat liéu

Thanh phan cac hop phan trong mau vat
libu duoc xac dinh bang phuwong phap
nhiéu xa tia X (D8-Advance 5005).
Khao sat hinh anh bé miat bang phuong
phap hién vi dién tir truyén qua (JEOL
TEM-2010F). Kha ning hip thu anh
sang cua xuc tac dugc dic trung bang
phé hip thu UV-Vis (3101PC
Shimadzu). Trang thai héa hoc va va
cac lién két gitra cac nguyén tu: duoc
xac dinh bang phd quang dién tir tia X
(XPS) (Kratos Axis ULTRA).

2.2. Tong hop vit liéu

Quy trinh tong hop vat liéu V-TiO,
duoc tién hanh theo so dd sau:

| QUANG ILMENIT |

Hinh 1. Quy trinh diéu ché V-TiO,
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2.3. Thi nghiém chuyén héa CO,

Thi nghi€ém khur CO, trong moi truong
hoi nudc dugc thuc hi€n trén h¢ phan
tmg ndi tiép. Hé phan tng bao gdém 3
phan chinh: Ngudn khi, bé phan tng va
hé thdng phan tich. Ngudn khi bao gdm
1 binh CO, tinh khiét (99,99%), mot
may tao do 4m va hé théng cac van khi.
Bé phan tng 13 mot hop hinh chir nhat
duge boc kin (50 x 25 x 50 cnr’) bén
trong c6 2 bong deén va 1 binh phan
tmg. Cudng do anh sang kha kién tiép
xUc vo1 xuc tac quang trong trong binh
phan ung 1a 0,05 W/em®. 2 g xuc tac
quang dang xp (36 cm’) duoc sir dung
cho mdi phan ung quang khir CO,.
Trudc khi bat dau phan tng quang khur,
dong CO, tinh khiét duoc nap day binh
phan trng va sau d6 dugc rut can ki¢t dé
dudi sach khong khi trong binh phan
ung. Khi binh phan ung da duogc lam
sach, dong CO; c¢6 Iuu lugng 50
mL/phtt duoc dan qua may tao do am
16i sau d6 duoc dan vao binh phan tng.
Thoi gian luu cia CO, & trong binh
phan ung 1a 144 s. Nhi¢t do ctuia binh
phan tng duogc giit 6n dinh ¢ muc 32 °C
trong toan by qua trinh quang khir CO,.
Pé xac dinh thanh phan cac khi sau
phan tng, 100 pL khi sinh ra dugc tu
dong nap vao hé thdng sic ki khi trong
mdi khoang thoi gian 20 phat. Hé théng
sac ki khi str dung dau do FID két hop
véi 1 thiét bi mé tan hoa tu dong.

3. KET QUA VA THAO LUAN

Dé xac dinh cac hop phan trong vat lidu
diéu ché, vat licu TiO, va V-TiO, dugc
dic trung bang phuong phap nhidu xa
tia X, két qua duoc trinh bay ¢ Hinh 1.
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Hinh 1. Gian dé nhiéu xa tia X
cua V-TiO;

Tir gian d6 nhifu xa tia X ¢ Hinh 1 cta
vat liéu TiO, va V-TiO; cho thiy, xuit
hién céc pic tai cac vi tri 20 lan luot la
25,35% 37,80°; 48,10° 53,85° 55,13°
va 62,70° dic trung ciu truc tinh thé
anatas cua TiO; (theo thé chuan JCPDS:
84-1286). Bén canh d6, trén gian d6
XRD clia vat ligu TiO, con xuét hién
pic c¢6 cuong do rat yéu tai vi tri 27,60°
dic trung cho ciu truc tinh thé dang
rutile cua TiO; (theo thé chuan JCPDS
88-1175), cac pic dac trung cho sy co
mat ctia V khong xuat hién trén gian do
XRD, diéu nay dwoc giai thich co thé
do ham lugng cua V kha nhd va/hoac
phan tan kha déu nén khong duoc phat
hién boi phuong phap XRD. Do vy dé
xac nhan su ¢6 mat cia V cling nhu dé
1am rd thanh phan va trang thai hoa hoc
bé mat, vat lidu V-TiO, duogc dic trung
bang k¥ thuat quang dién tur tia X, két
qua duogc trinh bay ¢ hinh 2.
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Hinh 2. Phé XPS cua vt liéu V-TiO;
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Két qua do phd XPS & hinh 2a cho thay,
pic quang dién tir ctia 2ps;, clia V xuét
hién rd rang tai hai muc nang luong la
458,39 eV va 465 eV tuong ung voi V
& dang V*" va V', Trong do, V°" duoc
biét ton tai & dang oxit V,0s va duoc
hinh thanh trong qua trinh diéu ché do
su phan huy mudi NH,VO; [15, 16]. Su
hinh thanh trong ion V*' trong vat liéu
c6 thé do sy khir V>* boi axit oxalic
trong qua trinh diéu ché [17, 18]. Két
qua & hinh 2b va 2¢ chi ra rang Ti trong
vat liu TiO, chi ton tai & dang Ti'",
trong khi do Ti & trong vat li¢u V-TiO,
ton tai ca dang Ti*" and Ti". Diéu nay
cho thdy, tac nhan bién tinh V trong
mang TiO, dd anh huong dén dang ton
tai cua Ti. S¢ di nhu vay 1a do cé su
tuong ddng vé ban kinh giita Ti*" (74
A) va V¥ (12 A), nén V** ¢c6 thé thay
thé vao vi tri Ti * trong mang tinh thé
TiO; trong suot qua trinh diéu ché. Su
thay thé Ti'" boi V" tao nén cac 16
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trong oXy trong mang tmh thé TiO,, dan
dén c6 sy chuyén Ti*" thanh T [17,
18], diéu nay s& dan dén su phan tach
cip electron — 16 trong hiéu qua hon.
Két qua nay da chimg minh rang Ti va
V trong vat liéu V-TiO, ton tai & ca
dang Ti'", T*", V>" va V*. Sy hinh
thanh Ti*" trong vat liéu V-TiO, co thé
do anh hudng cua sy pha tap V¥ vao
mang tinh thé TiO, d3 lam xuat hién cac
16 tréng oxy, chinh diéu nay dan dén
hinh thanh nén lién két Ti-O-V va két
qua 13 mot phan Ti*" bi khir thanh Ti*.
Két qua vé hinh thai cua vat liéu TiO,
va V-TiO, duoc trinh bay & hinh 3. Tu
anh TEM (hinh 3) cua vat liéu TiO; va
V-TiO, cho thdy, cac hat TiO, va V-
TiO, déu c6 dang hinh cdu va c6 kich
thudc khoang 25 nm. Tuy nhién, dé
dang nhan thay cac hat V-TiO, phan tan
o1 rac hon so véi cac hat TiO,. Piéu
nay cho théy, su ¢6 mat cua tac nhan
bién tinh V di anh hudng dén sy phan
tan cac hat xuc tac.

Hinh 3. Anh TEM ciia vit liéu TiO; (a)
va (b) V-TiO;



Pé danh gia kha ning hip thu buc xa
cta vat li¢u V-TiO, theo % ti 1€ V/TiO,
bién tinh khac nhau (1%; 2%; 3% va
4%), cac mau vat licu duoc dic trung
bang phuong phap UV-Vis mau ran, két
qua duogc trinh bay ¢ hinh 4.

Absorbance(a.u)

Wavelength (nm) Y,
Hinh 4. Phé hdp thu UV-Vi ciia TiO; (a)
va 1%V-TiO; (b); 2% V-TiO: (c);
3%V-TiO, (d); 4%V-TiO; (e)Két qua
ph6 UV-Vis & hinh 4 chi ra rang, khi
tang ti 1& % khdi luong V/TiO, tir 1%
dén 4% thi bo hp thy anh sang cua vat
liu V-TiO, mé rong vé ving song dai
hon so v&i TiO,. Két qua nay kha phu
hop véi dit liéu thu duoc tir phd XPS
rang trong vat liéu V/TiO, ton tai dong
thoi Ti*', TP, V** va V" tao ra mot
hon hop véi da dang muc nang luong
Fermi [19, 20]. Khi d6 cac mirc nang
lwong thap dong vai trd nhu 1a chat
trung gian chuyén electron ving hoa tri
(mutrc Fermi cua O 2p) 1én mirc Fermi
trung gian caa V** 3d, T 3d va v°°
3d, cudi cung chuyén dén ving dan cua
TiO, (Ti*" 3d). Vi vay, kha ning hip thu
anh sang nhin thdy cua vat liéu V-TiO,
la cao hon so vo1 TiO,. Trong khoang
gia tri ti 1€ V/TiO; khao sat thi kha nang
hép thu 4nh sang nhin thiy manh nhat
ung voi ti 1¢ V/TiO; 1a 3% va khi ti 1¢
nay lon hon 3% thi kha nang hap thu
bt xa nhin thiy giam xudng. Diéu nay
dugc giai thich 1 do khi ting % khdi
lwong V/TiO; thi lugng V> va T’ ting
1én nén kha ning hap thu anh sang nhin
thay cta vat liéu V-TiO, tang 1én. Tuy
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nhién, khi ti 1¢ nay 16n hon 3% c6 thi
lugng V,0s tao thanh phu ¢ bén ngoai
vat liéu V-TiO, 16n nén kha ning hip
thu 4anh sang nhin thiy giam xubng do
su can tr¢ anh sang dén vat liéu TiO,
[21].
3.2. Panh gia hoat tinh quang xtc tac
chuyén héa CO,
Trong nghién ctru nay, dé danh gia
hoat tinh quang xuc tac khir CO, thanh
CO va CHy cua vat liéu V-TiO, tong
hop, chung t6i tién hanh khao sat nhu
& muc 2.3, két qua d6 chuyén héa CO,
thanh duogc trinh bay ¢ bang 1.

Bang 1. Hiéu qud qud trinh chuyén héa
CO; thanh nhién liéu

Xuc tac Toc d9 (umol. g 'cat. h™)
(6{0) CH, 0, H,
TiO, 0,78 1,47
1%V-TiO, 175 286
2% V-TiO, 123 221 - -
3%V-TiO, 197 310 9 325
4%V-TiO, 142 256 - -

Két qua ¢ bang 1 cho thay, TiO, gin
nhu khong thé hién hoat tinh quang xtic
tac khir CO; khi bi kich hoat bdi anh
sang nhin thiy do c6 ning luong ving
cam 16n (3,2 eV). Khi bién tinh TiO,
bﬁng V, vat liéu thé hién manh hoat tinh
quang khir CO; thanh CO va CH4 trong
ving 4nh sang kha kién do ¢6 su hinh
thanh V°*, V*va T{*" (Hinh 2), dic biét
su c6 mit cia V,0s duoc biét dén lam
tang kha ning hip phu CO, trén bé mat
vat lidu. Co ché phan tng hinh thanh
CO va CHy4 tham khao nhu sau [21]:

V- TiO, —28 5 ot

2H,0 +4h" —> 4H" + O,

CO; + 2H" + 2¢° —>CO + H,0 (E°edox
=-0.48YV)

CO, + 8H' + 8¢
(Eoredox -0.24 V)
2H' = H,

%CH4 + 2H,O



Dit liéu & bang 1 ciing chi ra rang, do
chuyén hoa CO trén xuc tac 3%V-TiO,
la cao hon so véi cac vat li€u & cac ti 1€
V/TiO, khéc. Piéu nay duoc giai thich
1a do khi ting % khéi lugng V/TiO, thi
lwong V** va T" ting nén hoat tinh
khir CO; vat liéu V-TiO; tang I&n. Tuy
nhién, khi ti 1€ nay 16n hon 3% thi kha
ning hip thu anh sang nhin thdy giam
xudng do lién quan dén lugng V,0s tao
thanh 16n trén bé mit vat ligu V-TiO,
[21].

4. KET LUAN

D3 tong hop thanh cong vat lidu V-TiO,
bang phuong phap sol — gel két hop véi
siéu am. Cac hat V-TiO, thu duoc co
dang hinh cAu v6i kich thudc hat
khoang 25 nm va bd hip thu chuyén
dich vé phia song dai hon so véi vat
liéu TiO, , diéu nay lién quan dén su
pha tap V vao mang tinh thé TiO,, din
dén tang kha niang hap thu anh sang
ving kha kién cua vat liéu. Két qua
khao sat su chuyén hoéa CO, thanh CO
va CH4 trong ving anh sang kha kién
trén vat liéu TiO, va V-TiO, cho thay,
vat liéu V-TiO, c6 hoat tinh xUc tac
quang khir CO, kha manh trong ving
anh sang kha kién.
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