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Tom tit

Trong nghién ctu nay, BiVO, duoc tong hop thanh cong thong qua phuwong phap thity nhiét sir
dung dung mdi glycerol. Vit liéu dwoc dic trung ciu tric bang cac phuong phap phén tich hién
dai nhu XRD, SEM va UV-Vis DRS. Két qua XRD cho thay vat liéu duoc tao thanh voi thanh

phan pha monoclinic caa BiVO, cao. Bén canh dé, anh SEM cho thiy thoi gian thay nhiét c6

anh huong dang ké dén sy hinh thanh tinh thé, hinh théi tinh thé cua vat lidu, khi thoi gian tong
hop tang tir 8h dén 36h, hinh dang tinh thé thay ddi tir hinh ciu sang hinh sao 4 canh. O thoi
gian thuy nhiét 1a 24h va duoc nung ¢ 300°C, vat liéu tao thanh c6 bién hat khdng rd rang, cac
hat két tu thanh khdi, c6 nang lwong ving cdm hep (Eq = 2.34 eV), va c6 hoat tinh quang xdc
téc t6t, khoang 83.0% MB duoc loai bo sau 180 phut chiéu sang.
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1 Gidi thiéu

Ngay nay, v6i su phat trién nhanh chéng cua céc nganh
cong nghiép va gia tang dan s6, 6 nhiém moi truong do cac
chit hitu co gy ra 1a mot trong nhitng van d& nghiém trong
dbi véi toan thé nhan loai. Do d6, &é& dam bao cho qua trinh
phét trién bén vitng va han ché phat thai cac chat gay 6
nhidm méi truong, cac giai phap xir Ii chat thai hiru co doc
hai dang dugc quan tdm nghién ctu sdu réng. Vi tinh
trang thiéu hut nang lwong hién nay, anh sang mat troi -
ngudn tai nguyén ddi dao nhit - dang dugc mong doi trong
viéc xir Ii moi truong[1]. V& huéng nghién ciu nay, ki thuat
quang xc tac s dung vat liéu ban dan cung cap mot giai
phép 1i tuong trong khia canh chuyén doi nang lwong mat
troi va loai bo chat gay 6 nhiém. Uu diém chinh cua ki
thuat nay la cac chat 6 nhidm hiru co co thé dugc chuyén
di thanh CO,, nuéc, hodc cac hop chat vé co khong nguy
hai khéc va khong gay 6 nhidm tha cip[2]. Cac nghién ctu
trude day da s dung TiO, dé xur Ii cac chit gay & nhiém
mbi truong do tinh quang xdc tac cao, én dinh héa hoc,
khong doc tinh va chi phi thip. Tuy nhién, ning lrgng ving
cdm cua TiO, 16n (khoang 3.2 eV) da giGi han tng dung
thuc té cua né, boi vi nd chi c6 thé bi kich thich bai &nh
sang tia cuc tim (UV), chi chiém 4% quang phd mat trai[3].
Dé tan dung tdi da ning lugng mat troi, viéc phat trién cac
chit quang xuc tac c6 thé hoat dong hiéu qua trong ving
anh sang nhin thay da trg thanh moét trong nhiing chu dé

dugc quan tdm. Gan déy, chat xdc tac quang béan din
monoclinic bismuth vanadate (m-BiVO,) da thu hat dwoc
nhiéu quan tdm cua cac nha nghién ciru do khong doc hai,
chi phi thip va hoat tinh quang xuc tac cao. Véi niang luong
ving cap hep, khoang 2.4 eV, cho phép hoat dong quang
xuc tac dugc hoa truc tiép dudi anh sang nhin thiy (viing
anh sang chiém 45% quang phd mat troi), va no da cho thdy
hiéu qua quang xtc tac cao trong phan tich nudc va phén
hiy cAc chat 6 nhiém[4,5]. Tuy nhién, do mot sé dac tinh
ndi tai bén trong ciu tric caa m-BiVO,, 1am cho vat liéu
nay c6 mot s6 han ché nhu kha ning hap phu kém, khé di
chuyén dién tich dén bé mat x(c tac va tai té hop céc cap
electron-15 tréng dién ra 1on, lam giam hiéu qua quang xdc
tac caa vat lieu. Vi muc dich cai thién hoat tinh quang xdc
téc, cac nghién ctru gan day da cho thay rang cau tric bé
mat cua vat liéu dong mot vai trd quan trong ddi vai cac
hoat dong quang xUc tac cua ching bai vi phan (tng quang
xlc tac hodc chuyén d6i quang dién chi dién ra khi céac
electron va 15 tréng duoc tao ra trén bé mat[6,7,8].

Céc nghién ctu trude day chi ra rang, phuong phap tong
hop vat lidu c6 mic anh huong dang ké dén hinh thai, kich
thudc hat, bé mat riéng va cau trdc tinh thé cua vat liéu xtc
tac quang hoa di thé, nd quyét dinh dén tinh hap phu va
hoat tinh quang hda cua vat liéu[6-9]. Hién nay, m-BiVO,
¢ thé dugc téng hop bang rat nhiéu phwong phap nhu
phuong phap thity nhiét[10], phuong phap dong két taa[11],
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phwong phap sir dung vi song[12] va phuong phap dot
chay[13]. Trong truong hop tdng hop vat liéu xtc tac bing
phuong phap dung nhiét, dung moi Ia yéu to rat quan trong
lién quan dén qua trinh hinh thanh va phét trién cua tinh
thé. Nghién ctu nay sir dung phuong phap tong hop méi
trén co s& phuong phap dung nhiét cho viéc kiém soat qua
trinh tong hop BiVO,. Dung mdi nhu glycerol (GL) ¢
nhiét do soi, do nhét, do phan cuc va ap suit hoi bio hoa
I6n duoc lya chon dé tong hop BiVO, véi myc dich diéu
khién céu trac va kich thudc tinh thé BiVO,, tir d6 nang cao
hoat tinh quang hda cua BiVO,. Vit liéu sau khi téng hop
s& duoc (tng dung lam xuic tac cho phan &ng phan hay hop
chat hiru co doc hai nhu methylene blue duéi chiéu xa cua
dén LED.

2 Thuc nghiém

2.1 Hoa chit

Céc hoa chét st dung trong nghién ctu nay bao gom:
ammonium metavanadate (NH;VOs, >98%) va bismuth(I1T)
nitrate pentahydrate (Bi(NO3)3.5H,0, >98.0%) duoc dat tir
Sigma-Aldrich. Ethanol (CH;CH,OH, 99.7%, hoa chét cho
phan tich - analytical reagent - AR), glycerol (CsHgOs,
99.0%, AR) va methylene blue dugc dat to Xilong
Chemical, Trung Quéc. Nudc cat (tir may nuéc cat 2 lan
cua hang Lasany, An Do).

2.2. Phuong phap tong hop vat li¢u

BiVO, dugc téng hop thong qua phuong phap thity nhiét sir
dung glycerol 1am dung méi. Qui trinh cu thé nhu sau:
4mmol Bi(NOs)3-5H,0 duoc hoa tan trong 40ml dung dich
glycerol, thu dugc dung dich 1. Cung lic d6, dung dich thir
2 duoc chuan bi bang cach hoa tan 4mmol NH,VO; vao
40ml dung dich nudc néng. Nho tir tir dung dich 2 vao dung
dich 1 va khudy lién tuc bing may khudy tir dé tao thanh
hdn hop ddng nhat. Tiép theo, d6 pH dung dich duoc diéu
chinh I1&n pH=6 bing c4ch bé sung dung dich NH,OH va
hdn hop duoc khuay lién tuc bang may khuay tir. Sau do,
hdn hop dugc chuyén vao binh thay nhiét va gia nhiét Ién
180°C trong cac khoang thoi gian khac nhau (t=8, 24 va 36
gio). Cudi cing, chat bot mau vang thu dwoc sau gia nhiét
dugc nung & 300°C trong 3 gio.

2.3. Phuong phap danh gia cau tric vat lidu

Cau tric tinh thé cua vat liéu dugc xac nhan thong qua
phuong phap nhiéu xa tia X (X-ray diffraction, XRD) trén
méay D8 Advance Bruker, sir dung ngudn kich thich Cu K,
v6i the do quét 0.030%%s trong ving 20 tir 5-80°. Hinh théi
tinh thé cua vat liéu duoc quan sat bang kinh hién vi dién tir
quét (Scanning Electron Microscope, SEM, JSM 7401F,
Jeol). Tinh chat hip thu anh sang cua vt liéu dwoc phan tich
thong qua phd phan xa khuéch tan tir ngoai kha kién (UV-
Visible Diffuse Reflectance Spectroscopy, UV-Vis-DRS,
Shimazu UV-2450) trong viing sé song tir 300-900cm’™.

2.4. Phuong phap danh gia hoat tinh quang hoa
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Hoat tinh quang xuc tac cua vat liéu dugc danh gia dua trén
phan ung quang xic tdc phan hay methylene blue (MB)
trong moi truong nude, dudi ngudn chiéu xa 1a dén LED
(60W). Qua trinh thi nghiém cu thé nhu sau: Xtc tac
(100mg) dugc phén tan trong dung dich methylene blue
(15ppm) véi ndng d6 xuc tac 1a 1g/1 va khudy trong bong tdi
60 phat, lay mau 0 phat. Sau do, chiéu dén va mau duoc liy
ra theo cac khoang thoi gian bang nhau (30 phat). Dung dich
mau sau khi lay ra dugc li thm 7000 vong/phut trong 5 phut
dé loai bo xuc tac. Nong d6 cua chat mau dugc kiém tra trén
may UV-vis (Evolution 60S UV-Visible Spectrophotometer).

3 Két qua dic trung cau trdc cia BiVO,

Céu trlc tinh thé cua BiVO, duoc xac dinh théng qua
phuong phap nhiéu xa tia X. Khi BiVO, dugc thiy nhiét &
thoi gian khac nhau, céc peak nhidu xa trén gian d6 XRD
ctia cac mau déu pha hop véi pha monoclinic scheelite cua
BiVO, (JCPDS no. 01-075-1867) voi cac peak nhiéu xa
manh tai goc 26 = 28.9° cung véi cac peak nhidu xa yéu bi
phan tach tai 20 = 18.5°, 35° va 47°. Khi vét liéu dwoc nung
& 300°C trong 3 gio (twong rng voi cac mau G-BVO-6-8-
180(300), G-BV0-6-24-180(300), G-BVO-6-36-180(300))
van thu duoc vat lidu voi cau tric monoclinic scheelite. Tuy
nhién, quan sat thiy c6 su thay dbi trong cdu trdc tinh thé
cia BiVO,. Cac mau sau khi dugc nung ¢ nhiét do 300°C
trong 3 gio, cac peak nhidu xa dic trung trong ciu tric
monoclinic xuat hién voi cuong d6 cao. Két qua nay chi ra
rang sau khi nung, vat liéu tao thanh vai do tinh thé cao.
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Hinh 1 Gian d6 XRD ciia cdc miu BiVO, dugc téng hop & thoi
gian khac nhau: GBVO-6-8-180 (a), GBVO-6-24-180 (b), GBVO-
6-36-180 (c), GBVO-6-8-180(300) (d), GBVO-6-24-180(300) (e),

GBV0-6-36-180(300) ().

Hinh dang tinh thé, kich thuéc hat va phan b hat cua vat
liéu duoc quan sét théng qua anh SEM. Hinh dang tinh thé
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cua vat liéu thu duoc rat khac nhau khi dwoc thuy nhiét &
thoi gian khac nhau (Hinh 2(a,b,c)). Anh SEM cho thiy
thoi gian tong hop ¢ anh huong I6n dén qua trinh phat
trién tinh thé cua vat liéu. Khi thoi gian tong hop tang tir 8
gio dén 36 gio, hinh dang tinh thé thay ddi tir hinh cau sang
hinh sao 4 canh. O thoi gian thuy nhiét 1a 24gio, hinh thai
bé mat vat liéu khong ddng déu, bién hat khdng rd rang va
cac hat két tu thanh dam. Két qua nay hoan toan phu hop

VGi cac nghién ctru trude day khi st dung dung mdi hiru co
téng hop BiVO, [14-16].

Qué trinh nung vat liéu ¢ 300°C trong 3 gio khdng lam thay
d6i dang ké hinh dang tinh thé caa vat liéu (Hinh 2(d,e,f)),
ngoai trir d6i vai vat liéu duoc thay nhiét & 180°C trong 24
gio - Hinh 2e, mdu GBVO-6-24-180(300). Tinh thé GBVO-
6-24-180 c6 dang khéi co kich thudc lon sau khi duoc nung
& 300°C (GBVO-6-24-180(300)).

Hinh 2 Anh SEM cua cic miu BiVO, duoc tdng hop & thoi gian khic nhau: GBVO-6-8-180 (a), GBVO-6-24-180 (b),
GBVO0-6-36-180 (c), GBVO-6-8-180(300) (d), GBVO-6-24-180(300) (€), GBVO-6-36-180(300) (f).

Kha nang hap thu anh sang cia BiVO, dugc nghién ciu
thong qua phuong phap UV-Vis pha ran. Mau BiVO, trudc
khi nung (G-BVO-6-24-180) cho day hip thu manh trong
viing anh sang kha kién, tuy nhién b hap thu khéng ré rang.
M3au BiVO, sau khi nung (G-BVO-6-24-180(300)) cho thiy
d6 hap thu hep trong viing &4nh sang UV va bd hap thu nam
trong viing &nh sang kha kién, do do tinh chét quang xuc tac
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cua vat liéu s& dugc tang cuong trong vung &nh sang kha
kién (Hinh 3A). Nang luong ving cim cia BVO-6-24-
180(300) (E,) dugc xac dinh bang dwong thing tiép tuyén
voi @ thi cua ham Kubelka-Munk [F(R’.)hv]*? véi ning
lwong photon hv twong ung (Hinh 3B). Gia tri ning lwong
viing cAm thu duoc khoang 2.34 eV.
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Hinh 3 (A) Phd hép thu UV-Vis va (B) db thi bidu dién (chv)? theo ning lugng photon (hv) ciia G-BVO-6-24-180 (a)
va G-BVO-6-24-180(300) (b)
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Hoat tinh quang xuc tac cua cac mau BiVO, dugc thiy
nhiét & 180°C véi thoi gian thay nhiét khac nhau dugc danh
gid thong qua phan tng quang xuc tac phan huy cua
methylene blue trong moi truong nudc dudi anh sang dén
LED (LED color temperature: 6000-6500K; power: 60W;
lumens flux: 4800LM). Theo két qua danh gia hoat tinh
quang xic tac dugc thé hién trong Hinh 4A, c6 thé thiy qué
trinh nung c6 anh huéng quan trong dén hoat tinh quang
XUc tac ciia cac mau BiVO, téng hop & 180°C trong 8 va 24
gio. Cac mau duoc nung cho hiéu qua quang xuc tac tét hon
so v&i mau BiVO, khéng nung (ngoai trir mau duoc thiy
nhiét & 36 gid). B6i véi miu thay nhiét ¢ 8 gio, sau khi
nung hiéu qua loai b6 MB tang tir 42.2 1én 66.1% sau 3 gio
chiéu sang. Anh huong cua qua trinh nung c6 thé quan sat
rd hon & mau sau 24 gio thay nhiét, truéc khi nung khoang
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83.9% dugc loai bo théng qua hap phy, kha ning hip phu
cua vit liéu giam dang ké sau khi nung (khoang 21.8% MB
dugc hap phu sau 1 gio khudy trong téi) va khoang 83.0%
dugc loai bo sau 3 gio chiéu sang. D6i voi mau vai thoi
gian thay nhiét Ia 6 gio, qua trinh nung khdng anh hudng
dang ké dén hoat tinh quang xuc tac cua vt liéu va khoang
68.6% MB duoc loai bo sau sau 3 gio chiéu sang.

Su quang xuc tac phan huy methylene blue theo thoi gian
tuan theo dong hoc bac nhat, nhu dugc xac nhan théng qua
duong tuyén tinh cua In(Cy/Cy) theo t duoc biéu dién trong
Hinh 4B. Hoat tinh quang xtc tac tang theo thu ty sau: G-
BV0-6-8-180, G-BV0-6-36-180, G-BVO0-6-8-180(300),
G-BV0-6-36-180(300), G-BVO-6-24-180(300) véi hing sb
tbc do (k) twong tng 1a 2.5x10° phat?, 4.9x10° phat?,
5.3x107 phat™, 5.4x10° phat?, 7.7x107 phat™.
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Hinh 4 Hiéu qua phan huy MB trén mau BiVO, dugc téng hop & thoi gian khic nhau: GBVO-6-8-180 (a), GBVO-6-24-180 (b),
GBVO0-6-36-180 (c), GBVO-6-8-180(300) (d), GBVO-6-24-180(300) (€), GBVO-6-36-180(300) (f).

Hinh 4C cho thay su thay dbi trong phé hap thu UV-vis caa
methylene blue theo thoi gian chiéu sang khi c6 su hién
dién cia miu GBVO-6-24-180(300). Khi ting thoi gian
chiéu sang, peak hap thu cuc dai cua methylene blue & buéc
séng 664nm giam dan. Ngoai ra, khéng cé su tang dinh hip
thu trong viung UV cuaa methylene blue trong quéd trinh
chiéu xa, cho thiy phan 16n methylene blue da bi phan hay
hoan toan ma khdng sinh ra hop chét trung gian.

4 Két luan

Codng trinh nghién ctu da chirng minh sy thanh céng trong
viéc tong hop vt liéu BiVO, bang phuong phéap thay nhiét

Tai liéu tham khao

sir dung glycerol lam dung moi. Két qua XRD chi ra rang,
vt liéu thu duoc véi pha monoclinic scheelite. Hinh dang
tinh thé cua vat liu thu duoc rat khéc nhau khi dugc thuy
nhiét ¢ thoi gian khéc nhau. Khi thoi gian tong hop tang tir
8 gio dén 36 gio, hinh dang tinh thé thay doi tir hinh cau
sang hinh sao 4 canh. O thoi gian thay nhiét la 24 gio, hinh
thai bé mat vat liéu khong dong déu, bién hat khong rd rang
va cac hat két tu thanh dam. Vat liéu duoc tong hop & 24
gio va nung & 300°C cho hoat tinh quang xdc téc cao nhat,
khoang 83.0% MB duoc loai bo sau 3 gio chiéu sang, mo ra
tiém ning wng dung I6n trong linh vyc xir Ii chat mau gay 6
nhiém moi truong.
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Synthesis of BiVO4 by solvothermal method using glycerol solvent and its photocatalytic activity
under visible light irradiation

Nguyen Huu Vinh, Nong Xuan Linh, Cao Dai Vu, Duy Trinh Nguyen”

Nguyen Tat Thanh Hi-Tech Institute, Nguyen Tat Thanh University,
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Abstract In this study, BiVO, was successfully synthesized by solvothermal method using glycerol solvent. The materials were
characterized by modern analytical methods such as XRD, SEM and UV-Vis DRS. XRD results show that the material is made
up of high monoclinic phase composition of BiVO,. In addition, SEM images show that solvothermal time has a significant
effect on crystal formation and crystal morphology of the material. When the synthesis time increases from 8h to 36h, the
crystal shape changes from a sphere to a 4-pointed star shape. At solvothermal time of 24 hours and calcined at 300°C, the
resulting material has an unclear grain boundary, the particles agglomerate into blocks with a narrow band gap energy (Eq =
2.34 eV), and have good photocatalytic activity, with about 83.0% MB removed after 180 minutes of irradiation.
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