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SUMMARY
SYNTHESIS OF BiVO4s PHOTOCATALYST BY HYDROTHERMAL METHOD

The BiVOy photocatalyst was fabricated through a facile hydrothermal method by using Bismuth
nitrate pentahydrate (Bi(NO3)35H>0) and ammonium metavanadate (NH 4VO3) as the vanadium and
bismuth sources. The bitmut octovanadat photocatalyst was prepared with the ratio between bismuth
nitrate pentahydrate mass and ammonium metavanadate was 1:1, in the conditions of 2M nitrite acid
aqueous at pH 9. The photocatalytic performance of synthesized BiVO,material was evaluated by the
degradation of rhodamine B (RhB) under visible light. Results show that the obtained photocatalyts can
significantly enhance photocatalytic activity in comparison with other methods. This work may be
useful for a facile way to synthesize the highly efficient photocatalytic systems for application in
environmental treatment.
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1. PAT VAN PE thuy nhiét, 6t chay va phwong phap dong két
Trong nhitng thap ki qua, nhiéu chét xuc tac tda [6, 7]. M4t trong nhitng phuong phap duoc
nhu TiO,, ZnO, Tay0s,... da dugc quan tam dé xuat str dung dé tong hop BiVOy 1a phuong
nghién ctru [1 - 4]. Trong d6, TiO; 1a mot phap thiy nhiét [8]. Diéu nay bit ngudn tir
trong sd cac chit xuc tac quang dugc nghién thuc té, ky thuat thuy nhiét c6 mot sd diém
ctru va mg dung rong rdi nhét do tinh 6n dinh, thuan loi hon cic phuong phap khéc, ching
khong doc va gia thanh th'é\p. Tuy nhién, nhugc han nhu tiét kiém nang Iugng, chi phi thép, tde
diém ctia TiO; 1a chi thé hién hoat tinh xuc tac do cua phan tng cao, quy trinh don gian, than
dudi tac dung cta burc xa UV do c6 nang lugng thién voi moéi truong. Pac biét, phuong phap
ving cim khoang 3,2 eV [2, 5 ]. Diéu nay han nay cho phép diéu khién cdu tric, vi ciu tric
ché kha nang Ung dung cta TiO; trong ving ctia vat liéu nhu mong mudn bang cach kiém
anh sang kha kién hodc anh sang mat troi. Gan soat cac thong sd thuy nhiét. Hoat tinh quang
day, bitmut octovanadat (BiVO,) dugc biét dén xuc tac phu thudc rt nhidu vao tinh thé, kich
nhu mot Gmg vién tiém ning do c6 tinh chat thudc hat va hinh thai ctia cac mau, didu nay la
quang xuc tac trong ving anh sang nhin thiy, mot loi thé dac trung quan trong cua phuong
va duoc ky vong s& 1a mot trong nhitng chat c6 phap thity nhiét. Tuy nhién, van dé tong hop
thé thay thé TiO, [6 -8]. BiVOy c6 hoat tinh vat liéu xtc tac quang BiVOs, chua c6 quy
quang xtic tac cao thudng duoc téng hop bing trinh thity nhiét nao dwogc két ludn 13 téi wu. Do
nhiéu phuong phap nhu: phuong phap sol gel, viy, trong nghién ctru nay, BiVOs duoc didu
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ché tir Bi(NOs); va NH;VO; bang phuong
phép thiy nhiét co hoat tinh quang xuc tac cao
trong ving 4nh sang nhin thiy nham tmg dung
dé xtr 1y cac chat hiru co 6 nhiém trong moi
truong.

2. THUC NGHIEM

2.1. Hoa chét va thiét bi

Céc hoa chit st dung tong hop vat lidu:
Bi(NO3)3;.5H,0; NH4sVO;; NH;; C,HsOH;
HNO; léng; rhodamin B (Trung Quéc)

Khao sat hinh anh bé mat bang phuong phap
hién vi dién tor quét (JEOL JSM-6500F).
Thanh phan pha duoc xac dinh bing phuong
phap nhiéu xa tia X (D8-Advance 5005). Kha
nang hap thy anh sang cia xic tac duoc dic
trung bang phd hap thu UV-Vis (3101PC
Shimadzu). Thanh phan cac nguyén té c6 mat
trong mau xuc tac duoc xac dinh bang phuong
phap phd tan xa ning luong tia X (Hitachi S-
4700 High Resolution). Nong d6 rhodamin B
dugc xac dinh bang phuong phép tric quang &
bude song 553 nm (UV 1800, Shimadzu).

2.2. Tong hgp vt liéu BiVO,4

Cho 5 mmol Bi(NOs);.5H,O tan hoan toan
trong 10 mL axit nitric. Pong thoi ldy 5 mmol
NH4VO;3 hoa tan trong 60 mL nudc ndng
(khoang 80 °C) va khudy lién tuc. Tron hai
dung dich trén, siéu am trong 20 phut, khudy
lién tuc trong 30 phit thu hdn hop nhio mau
vang, sau d6 diéu chinh dén pH 9 bing dung
dich NH;. Hdn hop bot nhio tiép tuc duoc
khudy lién tyc trong 2 gio & diéu kién phong,
dem thuy nhiét trong binh Teflon, qua trinh
thuy nhiét duoc duy tri & 140 °C trong 20 gio.
Mau thu dugc dem ly tdm, rira bang etanol va
nude khir ion, siy kho trong khong khi ¢ 60 °C
trong 12 gio, nung & nhiét d§ 600 °C trong 2
gio voi tde do gia nhiét 5 °C/phut thu dugc vat
liéu BiVO4[8].

2.3. Khao sat hoat tinh quang xtc tac

Lay 0,1 g BiVO4 va 200 mL dung dich
rohdamin B 10 mg/L vao cbc thuy tinh 500
mL. Ding gidy bac boc kin cbc, khudy déu
trén may khudy tir trong 30 phut, sau dé chiéu
xa bang dén soi d6t (220V - 60W). Sau thoi
gian nhat dinh, dem ly tam (téc d6 6000
vong/phut trong 15 phut), ndng d6 rodamin B
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con lai dwoc xac dinh bang phwong phap tric
quang & budc song 553 nm.

3. KET QUA VA THAO LUAN

3.1. Pac trung vat li¢u

Vit lidu BiVOy diéu ché, duoc dic trung bang
phuong phap nhidu xa tia X. Két qua gian db
nhiéu xa tia X duogc trinh bay ¢ Hinh 1.
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Hinh 1. Gian dé XRD ciia vit liéu BiVO;

Gian d6 XRD cua vt li¢u BiVO4 ¢ Hinh 1 cho
thdy cac dinh nhidu xa phu hop véi ciu trac
scheelite monoclinic (s-m) ciia BiVO,. Gian dd
nhiéu xa tia X dic trung cia vat liu BiVO, co
hai pic rd nét, pic c6 cuong do manh nhét & vi
tri 28,82° twong tmg v6i mat tinh thé (112), pic
¢ cudng do thap hon & vi tri 30,60° twong ting
v6i mit phang (004). Bén canh dé con co su
xudt hién cua cac pic co cudng do thip & vi tri
34,51°; 48,43° 54,20° va 60,21° tuong tng voi
mat phang (200), (024), (116), (026) (theo thé
chuan JCPDS: 75-2480) [6]. Nhu vdy, phuong
phép nhiéu xa tia X di xac nhan sy c6 mat cia
chc pic dic trung tmg véi cAu truc pha tinh thé
1a monoclinic- scheelite cia BiVO, duge tong
hop bang phwong phép thily nhiét.

Anh vi ciu tric caa BiVOy diéu ché duge dic
trung bang phuong phap hién vi dién tir quét.
Két qua duoc trinh bay ¢ Hinh 2.



Két qua anh SEM cia miu BiVO, ¢ Hinh 2
cho ta thiy vat liéu tong hop duwoc gdm cac qua
cau nho, kich thudc cac hat kém d?)ng déu va
¢6 hién tugng cac hat co cum lai vdi nhau va
bé mat twong ddi nhin. Piéu nay cho thiy, can
¢6 su nghién ctru vé dung méi phén tan cac
chat trong qué trinh diéu ché.

Pé kiém tra sy c6 mat cua cic hop phan co
trong miu vat liéu BiVO,, chung toi di dic
trung vat liéu BiVO,4 bang phuong phap phd
tan xa ning luong tia X. Két qua duoc trinh
bay ¢ Hinh 3.
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Hinh 3. Phé tan xa nang heong tia X ciia mau
BiVO,

Két qua pho tan xa nang luong tia X ctia miu
BiVOy, chi ra rang, cac pic dic trung cho Bi lan
lugt xudt hién tai cac mirc nang lwong 1,91;
2,50; 2,82; 3,31, 9,70; 11,22; 13,53; 16,31
keV, cac pic dac trung cho V 1an luot xuét hién
tai cac muc nang luong 4,90; 5,32 keV, pic dac
trung cho O xuét hién tai mirc niang luong 0,51
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keV. Nhu véy, bang phuong phap pho tan xa
nang luong tia X, dd chung minh sy thanh
cong cua phuong phap thuy nhiét trong viéc
diéu ché BiVO,. Thanh phan nguyén té cua
mau BiVO, dugc xac dinh dugc trinh bay &
Béng 1.

Bdng 1.Thanh phdn nguyén t6 Bi, O va V cia

mau vt liéu BiVO, tong hop

Phan trim khéi | Phan trim nguyén
lugng (%) tir (%)

Bi |V 0] Bi A% 0]

BiVOs | 55,4 22,07(22,51| 12,60 20,58 | 66,82
=

ong 100 100

cong

Két qua di liéu & Bang 1 cho thdy, phan trim
ti 1¢ nguyeén tir gitta Bi : V: O xdpxilal: 1,6 :
4,9. Trong khi do ti 1€ hop thitc ciia Bi : V: O
trong hop chat BiVO, 1a 1: 1: 4, diéu nay cho
th'f\y ¢ thé co su hinh thanh mot s hop chét
clia oxit vanadi nhung véi luong rat nho nén
c4c dinh nhidu xa khong xuat hién trén gian dd
nhidu xa tia X. Hién ching t6i vin dang tiép
tuc nghién ctru dé 1am rd hon nhimg nhan dinh
chua dugc lam sang té trong nghién ctru nay.
Pé danh gia kha ning thé hién hoat tinh cua
vat liéu quang xac tac, mot yéu td then chdt
thuong duoc str dung d6 1a dic trung do hap
thu 4nh sang va ning luong ving cAm cua vat
liéu. Ph phan xa khuéch tan tir ngoai kha kién
clia mau vat liéu BiVO, dugc trinh bay & Hinh
4.

Két qua phd UV-Vis ciia BiVO, trang thai ran
cho thay dai hap thy trai dai tir ving tr ngoai
dén ving 4nh sang nhin thiy va két thic &
budc song khoang 600 nm. Gia tri nang luwong
ving cam cia vat liéu BiVO, dugc xac dinh
theo ham Kubelka-Munk khoang 2,19 eV
(Hinh 5). Diéu nay cho thay, vat liéu BiVO, co
kha nang hap thuy tot anh sang trong ving nhin
thay, hira hen tiém ning xuc tac phan huy cac
chét hitu co 6 nhiém trong méi truong nude
ngay trong ving 4nh sang nhin thay hodc birc
xa mat troi tu nhién.
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Hinh 4. Phé UV-Vis méu ran BiVOy
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Hinh 5. Do thi sw phu thuoc ham Kubelka-
Munk theo nang heong dnh séng bi hdp thu ciia
vat liéu BiVOy
3.2. Hoat tinh quang xuc tac cta vat liéu

BiVO4

Pé danh gia hoat tinh quang x{ic tic cia vt
liéu BiVO, tong hop duoc, chung t6i tién hanh
khao sat hoat tinh quang xuc tac ctia vat liéu
thong qua phan ung phan huy rhodamin B
trong dung dich nudc dudi tac dung ctia birc xa
deén soi dot 60 W. Két qua do chuyén hoa
rhodamin B dugc trinh bay ¢ Bang 2.

Bang 2. Do chuyén hoa rhodamin B trén vat

liéu BiVO,.
Thoigian | 1 5 | 3 | 4 | 5|
(gi0)
bo
chuyén |13,10| 32,57 |46,40(57,42|66,54|72,70
hoa (%)

Két qua & Bang 2 cho théy, tai thoi diém 1 gio
do chuyén hoa rhodamin B dat 13,10%, tiép tuc
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xtr Iy dén 5 gio va 6 gio thi do chuyén hoa ting
1én lan luot 14 66,54% va 72,70% va sau d6 do
chuyén hoa gan nhu khéng thay doi. Diéu nay
cho thdy, vat liéu BiVO, co kha ning hoat
dong manh trong ving anh sang nhin thay va
¢6 tiém nang Gmg dung dé xir Iy cac chét hiru
co 6 nhiém [9, 10 ]. Tuy nhién, can c6 nhiing
nghién ctru tiép theo nham gia tang hoat tinh
quang xuc tac ciia BiVO, do c6 su tai két hop
nhanh cip dién tir va 15 tréng quang sinh [3, 4].
Tir két qua trén cho thdy, hoat tinh quang xuc
tac dﬁy tiém nang cua vat liéu BiVO, duoc diéu
ché bang phuong phéap thuy nhiét.
3.3. Co ché phan hiy chét hiru co' trén vat
liéu BiVO4
Do vat liéu BiVO, c¢6 ning lugng ving cam 1a
2,19 eV nén khi chiéu anh sang trong ving nhin
théy thi ¢6 sy kich hoat lam phan tach cip dién
tir - 16 tréng trong vat li€u BiVOs, cac dién tir
(dién tich am) tir ving hoéa tri (VB) cua BiVO4
s& nhay 1én ving dan (CB) d¢ lai cac 15 trong
khuyét dién tur (dién tich duong) ¢ ving héa
tri. Co ché phan tmg c6 thé mé ta don gian nhu
sau (Hinh 6):

C (chit ban dan) +hv—> e, + hy,
Do ¢6 su phit hop vé thé giira ving hoa tri cia
BiVO; va thé cua cip HO/H,0 nén 15 trong oxi
hoa HO thanh gbc HO" — duge biét dén 1a mot
tac nhan oxi hoa manh cac chét hitu co 6 nhiém
thanh céc chit vo co nhu CO,, HyO, ...

hyy+H,0O—> HO +H"

\L H;0
Rhodamin B
h* HO
COz + HzO
HO
Hinh 6. Co ché xiic tdc quang ciia vdt liéu
BiVO,



4. KET LUAN

Pa tong hop thanh cong vat lidu BiVO, tir
Bi(NO;); va NH4VOs bang phuong phap thiy
nhiét. Gia tri ning luong ving cam cua vat liéu
BiVO, dugc xac dinh theo ham Kubelka-Munk
khoang 2,19 eV, ching t6 vat liéu BiVO; ¢6
kha nang hap thu tot anh sang trong ving nhin
thdy. Hiéu suit phan hity rhodamin B trén xuc
tac BiVOs dat 72,70% trong ving anh sang
kha kién sau 6 gio xir Iy. Diéu nay chi ra rang
xuc tac BiVO, dugce diéu ché bang phuong phap
thity nhiét c6 trién vong tmg dung dé xur 1y cac
hop chit hitu co 6 nhidm do c6 hoat tinh quang
XUc tac cao ngay trong ving anh sang nhin thy.
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