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Tom tit

Trong nghién ctu nay, BiVO, dugc tong hop thanh cong thong qua phuong phap dong két tia.
Vit liéu duoc dac trung cau tric Vbéng cac phuong phap phén tich vt li hién dai nhu XRD,
SEM, Raman va UV-Vis DRS. Két qua XRD va Raman cho thay vét liéu dugc tao thanh véi

thanh phan pha monoclinic cua BiVO, cao. Qua trinh xtr Ii nhiét c6 anh huéng quan trong dén
hinh thai va kich thuéc tinh thé caa BiVO,: mau duoc nung & 400°C va 500°C tinh thé c6 dang
hat, kich thudc dudi 1um; khi nhiét ¢ nung la 600°C, vat liéu tao thanh c6 hinh thai tinh thé
dang hat vé6i bién hat khong rd rang va cac hat két tu thanh mang co kich thudc 16n véi cac khe

ho dugc tao thénh‘gifra céc hat. Vat liéu tao thanh c6 niang luong viing cam h@p, gia tri Eg cua
cac mau BiVO, nam trong khoang 2.11-2.29eV. Qua trinh xir Ii nhiét c6 thé ting cuong hoat
tinh quang xdc tac cua mau BiVO, tong hop st dung thiourea, hoat tinh quang xuc tac tot nhat
dat duoc voi mau nung ¢ 600°C, khoang 98.93% MB duoc loai bo sau 240 pht chiéu sang.
Trong khi mau BiVO, téng hop khong st dung thiourea va nung & 600°C, chi khoang 85.54%

MB dugc loai bo.
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1 Gidi thiéu

Vit liéu Bismuth vanadate (BiVO,) gan ddy da duoc nghién
clru sau rong bai cac nha nghién cau trén thé gici. Vat liu
nay dwoc sir dung nhu chdt x(c tic méi trong linh vuc
quang xuc tac do ¢ cac wu diém vé chi phi tong hop vat
liéu thip, khong doc, 6n dinh hda hoc tt va do rong ving
cip hep (khoang 2.4eV so véi RHE)[1,2]. Cac nha nghién
ctru da phat hién ra rang BiVO, cho hiéu suat quang xdc tac
tuyét voi trong qua trinh phan tdch nuéc va oxy hda cac
hop chat hitu co doc hai[3,4]. Mac du hiéu qua tao cap
electron va 15 tréng boi quang cao do sé hiru ning lugng
viing cam hep, nhung do dic tinh chuyén dién tich kém va
bé mat hip phu kém nén dan dén qua trinh tai t6 hop cua
céc electron va 15 trong du thira I6n, do do dan dén két qua
Ia hoat tinh quang héa cua BiVO, bi han ché. Bé cai thién
hiéu qua phan tach cac cap electron-15 trong sinh ra bai anh
sang dén bé mat xdc tac nham mang lai hiéu qua phan wng
xUc tac quang hoa cao, cac nha nghién ctru da dé xuat nhiéu
bién phap nhu: (1) kiém soét ciu tric tinh thé, hinh thai tinh
thé va mat tinh thé[5]; (2) hinh thanh lién két p-n va thiét
1ap mot vung tuong tac dién bén trong mo rong tur vat liéu

ban din loai n (BiVO,) tsi vat liéu ban dan loai p[6]; (3)
hinh thanh cdu trac da pha monoclinic-tetragonal cua
BiVO,[7]. Trong d6, hoat tinh quang hoa cua vat liéu dugc
tang cudng theo huéng téng hop vat lidu véi kiém soét hinh
thai tinh thé d& mang lai hiéu qua cao; 1a huéng nghién cau
thu hat nhiéu quan tam cua cac nha khoa hoc trén thé gidi,
khéng chi dbi véi vat liéu ban dan néi chung, ma con cho
vit liéu xdc tac quang hoa BiVO, noi riéng[3].

Theo nghién ctu cta cac nha khoa hoc da cong bd trude do,
ndng do chat phan tmg va méi truong dung dich (nhur gia tri
pH, tac dung cua anions) ¢ anh huong quan trong dén hinh
thai cua tinh thé trong dung dich. Vi du, su thay d6i nho cua
c4c yéu té anh huwong (nhu gia tri pH, nhiét do, chat phan
(ng) s& anh hudng dén su tiang truong tinh thé BiVO, va
két qua 1a cac hinh thai tinh thé nhu soi nano[8], tam
nano[9], thanh micro, cau trdc hinh elip[10], va nhiéu hinh
thai tinh thé khac nhau duoc tao thanh[4]. Do d6, nghién
ciru bd sung thém chat hoat dong bé mat vao dung dich
phan &ng nham diéu khién qua trinh phét trién tinh thé co
thé gilp chung ta thiét ké chat xuc tac li tuong. V&i muc
dich nay, gin day, cac nha nghién ctru da sir dung uré trong
qua trinh tong hop vt liéu BiVO,. Uré c6 thé kiém soét su
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két tua cua cation bang cach tao ra cc ion hydroxit trong
dung dich mot cach tir tir thdng qua su thay phan. Vi vay,
su thuy phan chdm cta uré lam tang tir tir gid tri pH cua
dung dich phan ing va cung cap mot giai phap dac biét cho
kiém soat qua trinh phat trién tinh thé[11,12]. Bén canh uré,
thiouré (CS(NH,),) cling cho phan ng thuy phéan tao thanh
NH;[13]. NH; s& tham gia vao qua trinh diéu chinh pH cua
dung dich phan (ing, vi vay s& gop phan vao viéc kiém soat
qua trinh phat trién tinh thé cua vat liéu.

Trong nghién ctiu nay, thiouré s& dwoc sir dung nhu chat
phan tmg va dong vai tro hoat dong nhu uré trong kiém soét
qua trinh phat trén tinh thé caa BiVO, va tng dung vat liéu
lam xdc tac cho phan tng phan huy methylene blue dudi
tac nhan anh sang dén LED.

2 Thuc nghiém

2.1 Hoa chat

Céc hoa chét st dung trong nghién ctu nay bao gom:
ammonium  metavanadate (NH;VO;, > 98%) va
bismuth(lI1) nitrate pentahydrate (Bi(NO3)s.5H,0, >
98.0%) dugc dat tir Sigma-Aldrich. Nitric acid (HNOs, 65-
68%, hoéa chit cho phan tich (analytical reagent, AR)),
ethanol (CH3;CH,OH, 99.7%, AR) va methylene blue dugc
dit tir Xilong Chemical, Trung Quéc. Thiourea (CH4N,S,
99.8%, Prolabo, Phap) va nuwdc cat (tir may nudc cat 2 lan
cua hang Lasany, An D).

2.2 Phuong phap tong hop vat ligu

BiVO, duoc tdng hop théng qua phuong phap ddng két tua.
Cu thé nhu sau: 20mmol Bi(NO;);-5H,0 duoc hoa tan
trong 200ml dung dich HNO; (2M), thu dugc dung dich A.
Cung lac d6, 20mmol NH,VO3 vao 200ml dung dich nuéc
nong, thu dugc dung dich B. Tron hai dung dich ¢ trén voi
nhau va khudy lién tuc bang may khudy tir dé tao thanh
hon hop dong nhét. Tiép theo, thiourea (62.5mmol) dugc
thém vao hdn hop trén va duoc khudy lién tuc bing may
khuay tir. Sau do, hdn hop dugc gia nhiét 1én 85°C trong
15 gio. Cubi cung, chat bot mau vang thu dwoc sau gia
nhiét dugc nung & nhiét do khac nhau trong 3 gio. Cac
diéu kién nung khac nhau bao gom: khéng nung, 400°C,
500°C, 600°C va 700°C (nung trong moi truong Khi O,
tbc do gia nhiét 5°C/phut) va duoc ki hiéu twong wng T-
BVO-85 (khdng nung), T-BVO-400, T-BVO-500, T-BVO-
600, va T-BVO-700.

Dé danh gia anh huong cua thioure dén hoat tinh quang xtc
téc cua BiVO,, chung tdi tién hanh tong hop BiVO, bing
phuong phap ddng két tua khdng sir dung thioure véi céc
diéu kién téng hop twong tu d6i véi mau co hoat tinh quang
x(c tac tét nhit (mau dwoc nung & 600°C trong 3 gid) va
duoc ky hiéu: BVO-600.

2.3 Phuong phap danh gia cu tric vat lidu
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Cau trdc tinh thé dugc danh gia thong qua phuong phap
nhidu xa tia X (X-ray diffraction, XRD) trén may DS
Advance Bruker, str dung nguon kich thich Cu K, voi toc
d6 quét 0.030%/s trong ving 20 tir 5-80°. Hinh théi tinh thé
va phan b hat dugc phan tich sir dung kinh hién vi dién tir
quét (Scanning Electron Microscope, SEM) trén thiét bj
JSM 7401F (Jeol). Su hién dién ctia cdc nhém chuc va pha
dugc phan tich trén phd ké Raman cua hidng HORIBA
Jobin Yvon vai budce song kich thich 633nm. Tinh chat hip
thu anh sang cua vat liéu duoc nghién ctu thong qua phéd
phan xa khuéch tan tir ngoai kha kién (UV-Visible Diffuse
Reflectance  Spectroscopy, UV-Vis-DRS) trén may
Shimazu UV-2450.

2.4. Phuong phap danh gia hoat tinh quang hoéa

Qua trinh danh gia hoat tinh xtc tc quang hda cua BiVO,
cu thé nhu sau: Cac miu xuc tac (100mg) duoc phan tan
trong methylene blue (15ppm) véi nong d6 xuc tac la 1g/l
khudy trong bong téi 60 phat, lay mau 0 phat. Tiép theo,
dung dich duogc chiéu dén va 14y mau ra theo thai gian (30
phut 1dy mau mét lan). Cac mau sau khi lay ra dugc li tam
7000 vong/phut trong 5 phut dé loai bo cac chat ran. Nong
d6 cuia chat mau duoc xac dinh trén méay UV-vis (Evolution
60S UV-Visible Spectrophotometer) tai budc song 664nm.

3 Két qua va thao luan

Hinh 3.1 cho thdy gian d6 XRD cua c4c mau BiVO, téng
hop ¢ diéu kién khéc nhau. Khi BiVO, duoc tong hop
khong st dung thiourea, cac peak nhidu xa trén gian do
XRD diéu phu hop véi pha monoclinic cua BiVO,
(JCPDS no. 01-075-1867) vai cac peak nhiéu xa manh tai
g6c 26 = 28.9° cling véi cac peak nhidu xa yéu bi phan
tach tai 20 = 18.5°, 35° va 47°. Khi BiVO, duoc téng hop
st dung thiourea va nhiét d6 nung tang tu 400°C lén
700°C (twong Gng V6i cac mau T-BVO-85, T-BVO-400,
T-BVO-500, T-BVO-600 va T-BVO-700) quan sat thiy
c6 su thay doi trong cau trdc tinh thé va pha cua vat liéu.
Cac mau duoc nung & nhiét do dudi 700°C, trén gian dd
XRD cua vat ligu, ngoai cac peak nhiéu xa dic trung trong
cAu tric monoclinic con xuat hién peak nhidu xa yéu tai
goc 20 = 24.4° dic trung cho pha tetragonal, bismuth
oxide sulfate (Bi,O(S0,),, JCPDS no. 01-078-2087),
shcherbinaite (V,0s, JCPDS no. 00-041-1426) va
vanadium oxide (V50s, JCPDS no. 01-071-0039). Két qua
nay chi ra rang, BiVO, dugc nung & nhiét do dugi 700°C
tao thanh vat liéu composite gdm BiVO, véi cu tric hdn
hop cua 2 pha gdm monoclinic va tetragonal va cac oxide
cuia bismuth va vanadium. Theo két qua XRD, BiVO, tinh
khiét véi cau trac don pha monoclinic duoc tao thanh &
nhiét do nung 700°C.
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Hinh 3.1 Gian dd XRD cua cac miu BiVO, v&i diéu kién tdng hop khac nhau: (a) T-BVO-85, (b) T-BVO-400,
(c) T-BVO-500, (d) T-BVO-600, (e) T-BVO-700, (f) BVO-600.

Dé nghién cau thanh phan héa hoc va cac lién két co trong
cAu trac vat lidu, vat liéu duoc tién hanh phan tich bing
phuong phap phé Raman. Két qua Raman (Hinh 3.2) cho
thiy rang cac mau BiVO, (ngoai trir T-BVO-85) c6 cac dao
dong dac trung trong ciu trdc tinh thé monoclinic [14].
Ngoai ra, tir phd Raman ciia cac mau BiVO, duogc nung &
500 va 600°C, quan sét thay xuat hién cac peak dao dong
dic trung cua céc lién két trong cau tric V,0s nhu: dao
dong kéo gian (8) cua lién két V=0 tai 285 va 404cm™, dao
dong kéo gidn cua cau ndi V-O-V (oxy phdi tri 2) tai
484cm™ va dao dong bién dang (v) cua lién két V-O (oxy
phdi tri 3) tai 531cm™.[15] Két qua nay cho thay, cAc mau
duoc nung & 500 va 600°C tao thanh vat liéu composite
gom BiVO, va V,0s va phi hop voi két qua XRD.
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Hinh 3.2 Phé Raman cua cac mau BiVO, véi diéu kién téng hop
khac nhau: (a) T-BVO-85, (b) T-BVO-400, (c) T-BVO-500, (d) T-
BVO-600, (¢) T-BVO-700, (f) BVO-600.

BiVO, téng hop khdng sir dung thiourea va nung & 600°C
tinh thé c6 dang hat va kich thuéc khoang 1um. Déi véi

BiVO, tong hop sur dung thiourea, mau khéng nung khéng
¢6 hinh dang xac dinh. Sau khi duoc nung & 400°C va
500°C, tinh thé c6 dang hat, kich thudc dudi 1um va kich
thude hat tro nén lon hon véi sy gia tang nhiét d6 nung
(Hinh 3.3c). Khi nhiét @6 nung tang 1én 600°C, vat liéu tao
thanh cd hinh thai tinh thé dang hat véi bién hat khdng ro
rang va cac hat két tu thanh mang co kich thuéc 16n véi cac
khe hé duoc tao thanh gitra cac hat. Khi dugc nung &
700°C, vat liéu tao thanh vai tinh thé cha yéu la cac hat
khong déu, kich thuéc khoang 2um. R6 rang, viéc xir |i
nhiét c6 anh huong quan trong dén hinh thai va kich thudc
tinh thé cua BiVO,.

Hinh 3.3 Anh SEM cua cac miu BiVO, vai didu kién tdng hop
khac nhau: (a) T-BVO-85, (b) T-BVO-400, (c) T-BVO-500,
(d) T-BVO-600, () T-BVO-700, (f) BVO-600.

Tat ca cac mau BiVO, déu cho thiy do hap thu hep trong
viing 4nh sang nhin thiy. Ning luong ving cam cua céc
mau BiVO, c6 thé dugc wéc tinh tir db thi (ahv)® theo ning
lugng photon (hv) (Hinh 3.4b). Gia tri Ey ciia cac mau
BiVO, duoc xdc dinh 1 2.23eV (T-BVO-400), 2.11eV (T-
BVO-500), 2.29eV (T-BVO-600), 2.27eV (T-BVO-700),
2.23eV (BVO-600).
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Hinh 3.4 Phé UV-Vis DRS ciia BiVO, va db thi (ahv)? theo hv (B): (a) T-BVO-400, (b) T-BVO-500,
(c) T-BVO-600, (d) T-BVO-700, (€) BVO-600.

Hoat tinh quang x{c tac cua cac mau BiVO, véi diéu kién
téng hop khac nhau dugc danh gia thong qua phan tng
quang xuc tac phan hay cua methylene blue trong dung
dich nuéc dudi anh sang dén LED (LED color temperature:
6000-6500K; power: 60W; lumens flux: 4800LM). Theo
két qua danh gia hoat tinh quang xuc tic duoc thé hién
trong Hinh 3.5, trén cac mau BiVO, tong hop sir dung
thiourea, cac mau duoc nung cho thay hiéu suat quang xtc
téc tot hon so véi mau BiVO, khdng nung (ngoai trir mau
dugc nung & 400°C). Sau 240 phit chiéu sang, khoang
46.02% methylene blue dugc loai bo dbi voi mau BiVO,
ban dau khdng nung; tuy nhién, hiéu qua loai bo methylene
blue c6 thé dat téi 87.13%, 98.93%, va 97.57% sau khi mau
duoc nung ¢ 500, 600, va 700°C, tuong wng. Két qua cho
thay rang, qué trinh nung c6 thé tang cuong hoat tinh quang

xuc téc cua mau BiVO, téng hop sir dung thiourea, va mau
nung & 600°C c6 hoat tinh quang xdc tac tét nhat. Déi véi
mau BiVO, tong hop khdng sir dung thiourea va nung &
600°C, chi khoang 85.54% methylene blue dugc loai bo.

Su quang xuc tac phan hay methylene blue theo thoi gian
tuan theo dong hoc bac nhét, nhu duoc xac nhan bai duong
tuyén tinh cia In(Co/Cy) theo t dugc biéu dién trong Hinh
3.5B. Hoat tinh quang xuc tac trén cac mau T-BVO-X (X la
nhiét d¢ nung) tang theo thir tu sau: T-BVO-400, T-BVO-
500, T-BVO-700, T-BVO-600 vai hing s toc do (k) twong
tng la 1.881x107 phat?, 7.240x10° phat?, 13.90x107
phat™, 18.37x10 phit™. Hang sé téc do (k) cua BVO-600
la 7.620x107 phat™ nho hon so véi hing sb tdc do phan
ung cua T-BVO-600.
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Hinh 3.5 Hiéu qua loai bé MB trén cac mau xdc tac T-BVO-X.
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Hinh 3.5C cho thay su thay ddi trong phd hip thu UV-vis
ctia methylene blue theo thoi gian chiéu sang khi c6 sy hién
dién caa T-BVO-600. Khi tang thoi gian chiéu sang, peak
hdp thu cuc dai cua methylene blue ¢ buéc song 664nm
giam dan. Ngoai ra, khéng c6 su tang dinh hap thu trong
viing UV cta methylene blue trong qué trinh chiéu xa, cho
thiy phan I6n methylene blue da bi phan hay hoan toan ma
khéng sinh ra hop chét trung gian.

4 Két luan

Chung t6i da tong hop thanh cong vat lisu m-BiVO, bing
phuong phap dong két tia dudi sy hién dién cua thiourea.
Bén canh d6, anh huong cua nhiét nung dén su hinh thanh

ctru. Két qua chi ra rang, mau dwoc nung & 400°C va 500°C
tinh thé c¢6 dang hat, kich thuéc dudi 1um; khi nhiét do
nung 1a 600°C, vat liéu tao thanh c6 hinh thai tinh thé dang
hat vai bién hat khdng rd rang va cac hat két tu thanh mang
¢6 kich thuéc 16n véi cac khe ho duoc tao thanh gitra cac
hat. Vat liéu dugc nung ¢ 600°C cho hoat tinh quang xutc
téc cao nhat, khoang 98.93% MB duoc loai bo sau 240 phat
chiéu sang, mé ra tiém nang ng dung l6n trong linh vuc
xtr Ii chdt mau gay 6 nhiém méi truong.
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Research on synthesis of BiVO,4 using thiourea as reducing agent, and their application for
the photocatalytic degradation of Methylene blue under visible light irradation

Nguyen Huu Vinh*, Cao Dai Vu?, Nong Xuan Linh? Nguyen Duy Trinh*"

INTT Institute of Hi-Technology, Nguyen Tat Thanh University
’Faculty of Biotechnology and Environment, Nguyen Tat Thanh University
“ndtrinh@ntt.edu.vn

Abstract In this study, BiVO, was synthesized successfully through co-precipitation method. Materials were characterized
by advanced physical analysis methods, such as XRD, SEM, Raman and UV-Vis DRS. The XRD and Raman results shown
that the material was made up of the high monoclinic phase of BiVO,. Thermal processing had an important influence on the
morphology and crystallinity of BiVO,: samples were calcined at 400°C and 500°C granular crystals, less than 1pm in size;
when the calcined temperature was 600°C, the forming material had granular crystalline form with insignificant granular
boundaries and particles were deposited into large plates with openings formed between the particles. The Eg value of
BiVO, samples was in the range of 2.11-2.29eV. The heat treatment can enhance the photocatalytic activity of the BiVOy,,
the best photocatalytic activity obtained with the calcined at 600°C (about 98.93% MB removed after 240 minutes of
lighting). While the BiVO, sample was synthesised without thiourea and calcined at 600°C, only 85.54% MB was removed.

Keywords photocatalysis, visible light, methylene blue degradation, BiVO,.
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