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Nghién ctru tong hop Co-BiVO, bang phuong phap thuy nhiét
va danh gid kha ndng quang xtc tac st dung anh sang nhin thay
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Tém tét

BiVO, pha tap coban (Co) dwoc tong hop thanh cong thong qua phuong phap thity nhiét. Vat
lidu sau khi tong hop duge xem xét didc trung ciu triic vat liéu bang cac phuong phap phan tich
vat li hién dai nhu XRD, Raman, SEM, TEM va UV-Vis DRS. Két qua phan tich vat li XRD va

Raman di chi ra rang, dic trung ciu tric ctia cac mau vat ligu déu thuoc céu trac don pha &
dang tinh thé monoclinic-scheelite. Ham lugng Co pha tap c6 anh huong dang ké dén sy hinh

thanh va kich thudc tinh thé vat liéu. Cac hat Co hoic oxit cia Co bam xung quanh céc tinh thé
BiVO, 1am cho kha niang hap phu bé mat cua vat liéu tot hon. TAt ca cac mau déu co thé hip thu
anh sang vung kha kién. Mau 0,2Co-BiVO, 1a mau tét nhat, c6 hoat tinh quang xtic tac tot trong

MB (methylene blue) véi hiéu suit xir 1i 96,78%.
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1 Gi¢i thiéu

Trong nhiéu thap ki qua, vat liéu xtc tac quang héa nhan
dugc rit nhidu sy quan tdm cua cac nha nghién ctru vi
nhiing loi ich ma n6 mang lai. Pi V6i cac van d& “moi
truong”, vat liéu xtc tac quang hoa c6 thé phan hay hoan
toan lugng 16n cac hop chét hitu co doc hai khé phan huy:
tao, virut, vi khuan va ca té bao ung thu. Trong céc chit ban
dan, ndi bat nhit 1a TiO, vi n6 ¢6 mot s6 vu diém nhu: c6
chi phi ché tao ré, khong doc hai, bén nhiét va con nhiéu wu
diém khac. Tuy nhién, vat liéu nay lai c6 nhugce diém rat
I6n 1a su dung tia UV trong qué trinh phan (ng. Tur nhugc
diém nay, cac nha khoa hoc da nghién ciru thanh cong vat
liéu st dung 4nh sang nhin thiy nhu: CdS, Cu,0, Fe,0; va
WO;[1-3]. Nhung huéng nay khong dat dwoc nhiéu thanh
cong vi, cho t6i nay, khong co chat ban din nao hoi ty du
cac diéu kién vé niang luong ving cim, d6 bén héa hoc va
hoat tinh xuc tac quang héa cao.

Tir nhitng diéu kién trén, mot trong nhitng loai vat liéu xac
tac quang hoa thé h¢ mai co thé ké dén 1a BiVO, véi tiém
nang day htra hen do tinh chét quang xtc tac cua nd dudi
anh sang nhin thdy, c6 d6 bén hoa hoc va hoat tinh quang
hoa tuong ddi cao[4-5]; phan hity cac chét hitu co doc hai
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BiVO,, thuy nhiét,
quang xUc tac, phan huy
methylene blue,

anh sang kha kién.

thanh san phim cudi cung 1a CO,, H,O va chit hitu co it
d6c hon. Tuy nhién, hiéu qua that sy dat dugc cua loai vat
liéu nay van con kha xa so v6i mong doi vi hidu suat phan
tich electron-13 tréng con kém, déi véi BiVO, don thuan s&
c6 bé mat riéng thap. Dé cai tién hiéu suit phan tich
electron-16 trong c6 cac phuong an nhu diéu khién hinh thai
tinh thé, t6i vu hoa bé mat, bién tinh va kién tao cac dang
composite.

Mot phuong phap dugc quan tdm nghién ctru dé ning cao
tinh chat xuc tic quang hoa 1a hinh thanh céac lién két p-n.
Gan day, rat nhiéu loai vat lidu xuc tac quang hoa loai
chuyén tiép di thé trén co s6 BiVO, (BiVO,-based
heterojunction), nhu 1a CaFe,04/BiVOy4[6], TiO,/BiVO,[7],
rGO/BiVO,[8], Cos04/BiVO,[9] va AgsPO4/BiVO,[10] da
dugc téng hop thanh céng. Trong trudng hop tap chat
Co50, (ban dan loai p) xuat hién trong BiVO, (ban dan loai
n) c6 thé tao thanh lién két p-n trong vat liéu, sau khi sinh
ra electron tai ving dan (CB) va 15 tréng tai ving hoéa tri
(VB) & ca I6p ban dan p (Cos0,) va 16p ban din n (BiVOy,),
nho kich thich cua bic xa anh sang c6 ndng lugng thich
hop s& dién ra qua trinh trao ddi dién tich. Trong qua trinh
trao ddi dién tich tai 16p tiép xuc p-n, cac electron tai ving
din ¢ Cos0, s& chuyén sang ving dan & BiVO,; cac 16
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tréng tai ving hoéa tri & BiVO, s& chuyén sang ving hoa tri
& C030,. Sau do, cac electron va 15 trong s& di chuyén dén
bé mat vat liéu xuc tac tham gia cac phan tng quang héa
nhu co ché théng thuong cua vat ligu xic tic quang[9] .
Qué trinh trao ddi dién tich tai 16p tiép xtc p-n cua vat ligu
C030,-BiVO, dugc thé hién qua Hinh 1:
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Hinh 1 Qué trinh trao ddi dién tich tai lop tiép xtc p-n.

BivO,
(16p bén dan n)

Theo cac nghién ciru trude do, cac kim loai chuyén tiép
nhu: Fe, Co, Ni, Cu khi dugc pha tap vao BiVO, cling ¢6
thé lam tang kha nang van chuyén dién tir cua vat ligu va
giam su tai két hop cua electron véi 16 tréng, qua d6 cai
thién hoat tinh quang hoa cua BiVO, ma hiéu qua kinh té
lai cao hon so véi viéc pha tap vai kim loai qui (Au va
AQ)[11-18]. Trong cac phuong phap tong hop, thi phuong
phap thuy nhiét thudng dugc wng dung dé téng hop cac vat
liéu kich ¢& nano, vat liéu khung hiru co - kim loai, vat liéu
composite, vat liéu xtic tac quang[19]. Pi c6 nhidu nghién
ctru V& viéc tong hop vat lieu BiVO, bang phuong phap
thity nhiét duoc cong b, cho thiy ring day 1a mot phuong
phap tong hop hiéu qua, d& thyc hién va mang lai két qua
t6ng hop cao[20-25].

Vi vy, trong nghién clru ndy, ching t6i sé st dung phuong
phap thiy nhiét dé tong hop vat liéu BiVO, pha tap kim
loai (Co) nham tao ra vat liéu & pha monoclinic scheelite,
han ché duoc su tai to hop electron véi 15 tréng va hiéu qua
quang xtc tac cao hon so vi BiVO, don thuan.

2 Thuc nghiém

2.1 Hoéa chit

Céac hoa chit sir dung trong nghién ciru nay bao gom:
ammonium metavanadate (NH,VOs;, >98%), bismuth(III)
nitrate pentahydrate (Bi(NO3)3.5H,0, >98.0%),
Terephthalic acid (CgHs04>98%), Tert-Butanol
(C4H100>99,5%) va Ammonium oxalate monohydrate
((NH4)2C,04.H,0>99,5%) duoc dat tr Sigma-Aldrich.
Cobalt(ll) Nitrate Hexahydrate (Co(NOjs),.6H,0>99%),
Nitric acid (HNO3;>65-68%), Sodium hydroxide (NaOH >
96%), Potassium dichromate (K,Cr,0; >99,8%) va
methylene blue dugc dit tir Xilong Chemical, Trung Qudc.
Nuéc cét (tir may nudc cat 2 1an cia hing Lasany, An Do).

2.2. Phuong phap tong hop vat li¢u

Qui trinh tong hop Vét lidu quang xtic tac BiVO, khong pha
tap va pha tap véi kim loai Coban & nhiéu ti I¢ khac nhau
bang phuong phap thiy nhiét gdm 7 budc nhu sau: 1/ Hoa
tan Bi(NO3)3.5H,0 (4 - 2mmol) va Co(NO3)2.6H,0 (0 -
2mmol) vao dung dich HNO; (20ml - 2M), khuay déu trong
30 phat dé tao thanh dung dich A; 2/ Hoa tan NH,VO,
(4mmol) vao dung dich NaOH (40ml - 0,3M), khudy déu
trong 30 phut dé tao thanh dung dich B; 3/ Cho tir tir dung
dich B vao dung dich A va tiép tuc khuay déu hén hop
trong 30 phut; 4/ Sau do, st dung dung dich NaOH (4M)
chinh pH=10, khudy d&u cho dén khi pH én dinh; Thém
H,O vao hdn hop dé tong thé tich 1a 80ml. 5/HAn hop duoc
cho vao 6ng Telflon ¢6 vo bao vé bang thép khong gi va
duoc gia nhiét 1én 180°C trong 24 gio. 6/ Hon hop sau thuy
nhiét duoc rira bang gidy loc co kich thudc 0,22um voi
nuéce cat nhiéu lan dén khi pH=7 va siy kho ¢ 110°C trong
24 gid. 7/ Vat liu dang bot thu dugc sau sy kho duoc
nung & nhiét do 300°C trong 2 gio.

2.3. Phuong phap danh gia cu trac vat ligu

Céu trac tinh thé cua vat liéu dugc xac nhan thong qua
phuong phap nhiéu xa tia X (X-ray diffraction, XRD) trén
may D8 Advance Bruker, sir dung nguon kich thich Cu K,
VGi the do quét 0.030%s trong ving 26 tir 5-80°. Hinh thai
tinh thé cua vat liéu duoc quan sat qua kinh hién vi dién tir
quét (Scanning Electron Microscope, SEM, JSM 7401F,
Jeol). Xac dinh cau triic, thanh phan c¢6 mat trong vat li¢u
va chuyén pha cdu trac tinh thé duoc x4c dinh thong qua
phuong phéap hién vi dién tir truyén qua (Transmission
Electron Microscopy, TEM, JEM-1400, Jeol). Tinh chat
dao dong cua vat liéu s& dwoc nghién ciru thong qua phd tan
xa Raman (Raman, HORIBA Jobin Yvon). Tinh chat hip
thu 4nh sang cuia vat liéu duogc phan tich théng qua phd
phan xa khuéch tan tir ngoai kha kién (UV-Visible Diffuse
Reflectance Spectroscopy, UV-Vis-DRS, Shimazu UV-
2450) trong viing s song tir 300-900cm™,

2.4. Phuong phap danh gia hoat tinh quang hoa

Hoat tinh quang xuc tac cua vt liéu dugc danh gia dya trén
phan mg quang xuc tac phan huy methylene blue (MB)
trong moi truong nudce, dudi nguodn chiéu xa 1a dén LED
(60W). Qui trinh danh gia hoat tinh xuc tac quang hoa trong
phan tng phan hily mau methylene blue (MB) duédi anh
sang kha kién cta cac mau vat liéu duoc thuc hién nhu sau:
cho mau xuc tac (0.05g) va dung dich MB (100ml - 15ppm)
vao cbe thuy tinh hai 16p c6 dung tich 250ml. Panh siéu 4m
hdn hop trong cc dén khi chit xic tac khuéch tan déu
trong dung dich mau. Dung dich dugc khudy trong t6i (100
phit) dé dat dugc can bang hip phy, sau d6 tiép tuc khudy
va chiéu bang dén LED 60W (180 phut) dé cac phan tng
quang héa duoc thuc hién. M&i lan lay 5ml dung dich miu
(theo thoi gian xac dinh) va dem ly tam (7000 vong/phut
trong 10 phut) dé tach vat liéu ra khoi mau. Nong d6 cua
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chat mau dwoc kiém tra trén may UV-vis (Evolution 60S
UV-Visible Spectrophotometer).

3 Két qua dic trung cu tric cua BiVO,

Céu trac tinh thé cua tit ca cac mau duoc xac dinh qua
phuong phap nhidu xa tia X thé hién qua Hinh 3.1 bén dudi.
Mau BiVO, khong pha tap c6 cdu truc tinh thé phi hop véi
pha monoclinic scheelite BiVO, (JCPDS no. 01-075-1867)
V6i cac dic trung nhu c6 peak nhiéu xa manh tai goc 20 =
(28,9°) cuing véi cac peak nhiéu xa yéu bi phan tach tai goc
26 = (18,8°); (35°) va (47°). Bdi véi cac mau BiVO, co ti Ié
pha tap tir 5%mol dén 30%mol Co ciing ¢6 cac peak nhidu
xa dic trung cla cdu tric tinh thé monoclinic scheelite, su
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thay ddi vé cuong do peak va dinh peak bi léch & cac vi tri
20 = (15,1°); (28,9°); (34,4°) va (35,2°) khong déng ké. Céc
peak ctia Co ciing nhu cac oxit déu rat yéu va kho quan sat
vi Iugng Co pha tap vao BiVO, thip. Béi véi mau BiVO,
bién tinh 50% mol c6 cac peak nhidu xa dic trung ctia cau
tric monoclinic scheelite yéu va xuat hién thém cac peak
nhidu xa khac. Nhin chung, cac mau dugc tong hop déu co
c4u triic monoclinic scheelite BiVO, (JCPDS no. 01-075-
1867), lugng Co dugc pha tap vao vt liéu thip hon so véi
luong Co dung dé tong hop nén it anh huong dén cau tric
tinh thé cua vat liéu. Riéng mau 0,5 Co-BiVO, c6 luong
pha tap Co 16n nén rat kho xac dinh cdu tric tinh thé.
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Wavelength (nm)
Hinh 3.1 (A) gian dd XRD cua cac mau vt liéu da duoc tdng hop;
(B,C,D) anh phéng to cic peak nhidm xa & vi tri 20 = (15,1°); (28,9°) va (35°).

Hinh thai bé mit, kich thudc va cach bd tri cac tinh thé cua
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1a anh hién vi dién tir quét (SEM) cuia cac mau vat ligu da
dugc téng hop bang phuong phap thuy nhiét.
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Hinh 3.2 Anh SEM cua tit ca cac miu dwoc tdng hop bing phwong phap thity nhiét
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Mau BiVO, c6 hinh thai bé mat khong dong nhat. Cac tinh
thé 1a cac khdi v6i hinh dang va kich thudc khac nhau, da
s6 céc tinh thé co bé rong tir 1um dén 2um. PSi Vi cac
mau co pha tap Co, trén bé mit cac khdi tinh thé xuét hién
cac hat nho bao phu. Lép bao phu nay ting 1én dya vao
lugng Co pha tap vao vét liéu va lam cho kich thude cac
khdi tinh thé 16n hon. O cac mau 0,05Co-BiVO, va mau
0,1C0-BiVO, ¢6 lugng hat nho bao phi 1én cac khdi tinh
thé it, nén kich thudc va hinh dang tinh thé van giéng nhu
mau BiVO,. Mau 0,2Co-BiVO, va mau 0,3Co-BiVO, c6
lugng bao pha nhiéu hon, nén sy thay ddi vé kich thugc va
hinh dang tinh thé 16 rang hon, bé rong tinh thé cua cac
mau nay khoang tir 2um dén 4urn Mau 0,5Co-BiVO,
khong thé quan sat dugc céc tinh thé do luong hat bao phu

b
Hinh 3.3 Anh TEM

200nm

Tinh chét dao dong cua tinh thé BiVO, pha tap Co duoc
nghién ctu thong qua phé tan xa Raman. Hinh 3.4 1a ph
tan xa Raman ctia cAc mau B1VO4 khong pha tap va pha tap
Co dugc do & nhiét d6 phong. Két qua chi ra rang, cic miu
déu c6 cic mode dao dong dic trung cho tinh thé
monoclinic scheelite BiVO, rd nét. Khi tang dan ti 1& pha
tap Co thi cuong do cac mode dao dong nay giam dan,

tang 1én qua nhidu va che mat bé mit tinh thé cua vat liéu.
Két qua SEM cho thay pha tap Co vao BiVO, c6 anh huong
dén hinh thai bé mat cua tinh thé. Cac hat Co hoic oxit cua
Co bam 1én céc tinh thé BiVO, gitp ting dién tich bé mat
riéng, qua d6 cai thién kha niang hap phu cua vat liéu.

Hinh 3.3 1a anh hién vi dién tir truyén qua (TEM) cia mau
0,2C0-BiVO,. Qua hinh 3.3, thiy rang mau 0,2Co-BiVO,
c¢6 d6 co cum tinh thé twong d6i cao. Hinh dang céc hat tinh
thé khong dong nhat voi nhiéu dang khac nhau. Di chiéu
két qua tir anh SEM, c6 thé thay: nhitng hat tinh thé to, hinh
khéi tru dai voi kich thudc tir 80nm dén 100nm, 1a cac tinh
thé BiVO,; cac hat tinh thé nho hon bam xung quanh véi
kich thudc tir 15nm dén 20nm 1a cac tinh thé Co hoic oxit
cua Co dugc pha tap vao.

} A

cua mau 0,2CO-BiVO4.

nhung khéng nhiéu. D6 1a do ham lwong Co duoc pha tap
vao vat lidu it, nén anh huong dén cau tric tinh thé khong
dang ké. Riéng mau 0,5Co-BVO thiéu mode dao dong kéo
dan bét ddi xting cua V-O (vs) va cac mode dao dong dic
trung yéu. Vi tri ctia cac mode dao dong va do dai lién két
clia cac mau dugc thé hién trong Bang 3.1.

External SES(VOZ')
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A A

3,(vO?)

Intensity (a.u.)

T
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T T
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Hinh 3.4 Phé Raman cua cdc miu vét liéu da dugc tdng hop: (a) BiVOy; (b) 0,05Co- BiVO,;
(c) 0,1Co- BiVOy; (d) 0,2Co- BiVQy; (e) 0,3Co- BiVO,; (f) 0,5Co- BiVO,.

Bang 3.1 Cac dinh dao dong va d6 dai lién két ctia cac miu vat liéu.

N -~ 1 Dao d¢ng cia
Tén miu Dao dgng cia V-0 (cm") VO, (cm™) Dao dong té hep R (A)
Vg Vas LI LS Bas
BiVO, 831,8 709,5 641,9 325,9 368,7 131 | 212.3 1,692
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0,05Co- BiVO, 832 711,1 642,3 328,4 368,7 130,3 212,8 1,692
0,1Co- BiVO, 831,2 711,1 643,9 328,3 368,7 130,5 213,8 1,692
0,2Co- BiVO, 831,2 710,1 642,4 328,1 368,7 130,2 2125 1,692
0,3Co- BiVO, 8315 709,7 642,4 328,4 368,7 130,1 213,9 1,692
0,5Co- BiVO, 831,2 - - 326,1 368,8 131,6 208,7 1,692

Két qua Raman chi ra rang cac vat liu BiVO, khong pha
tap va pha tap Co duoc tong hop bang phuong phap thity
nhiét déu co cau trac m-s BiVO, (trir mau 0,5Co-BiVO,).
Két qua nay phu hop véi két qua XRD d trinh bay & trén.

Kha ning hip thu anh sang ciia cac mau vat liéu duoc
nghién ciru bang phd phan xa khuéch tan tir ngoai - kha

kién (UV-Vis DRS) thé hi¢én qua Hinh 3.5. Két qua tir phd
UV-Vis DRS cho thdy, tat ca cac mau vat liéu déu thé hién
su h?ip thy manh anh sang vung kha kién, do d6 tinh chét
quang xUc tac cua vat ligu s€ dugc ting cuong trong vung
anh sang nay.

1.0

0.0

BIVO,
0.05Co-BiVO,
0.1Co-BiVO,
0.2Co-BiVO,
0.3Co-BiVO,

s

0.5Cq-BivVO

200 400

600 800

(nm)
Hinh 3.5 Phd UV-Vis DRS cta cac mau vat liéu.

Su anh hudng cua pha tap Co 1én hoat tinh xac tic quang
cia BiVO, trong phan tng phan hiy mau MB dugc thé
hién rd qua Hinh 3.6. Béi véi mau BiVO, khi ¢ trong toi
100 phut, lvgng MB bi hip phu 14 9,8%. Sau d6, chiéu dén
trong 3 gio, hiéu qua xu 1i MB dat 71,98% (k=0,633.10°.M"
Y. Béi véi cac mau BiVO, pha tap Co, khi ting ham lugng
Co tir 5% dén 20% thi hiéu qua xir 1i MB ting dan va dat
cao nhat & miu pha tap 20% Co. Cu thé, miu 0,2Co-

BiVO, hdp phu MB sau 100 phut trong ti 1a 22% va hiéu
qua xtt 1i MB sau 3 gi¢ chiéu dén 1a 96,78% (k=1,882.10"
¥ M™). Tuy nhién, néu tiép tyc ting ham lwong Co tir 30%
dén 50% thi hiéu qua xt 1i MB giam manh. Cuy thé, mau
0,5Co- BiVO, c6 hoat tinh xtic tac quang thip nhit, sau 3
gi& chiéu deén chi dat hidu qua xr 1i 1a 58,36% (k=0,333.M"
1), Hinh 3.7 thé hién két qua dong hoc cuia cac mau vat ligu
duoc tong hop.

10{® __ Dark Light on
ilte ge
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Hinh 3.6 Hoat tinh xtic tic quang ctia cAc mau trong phan img phan hity mau MB.
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Hinh 3.7 Bong hoc ciia cac mau vat liéu.

4 Két luan

Qua cac két qua nghién ciru dat duoc, ta thay rang vat ligu
BiVO, pha tap Co thé hién két qua tét hon so voi BiVO,

t6ng hop co kich thuéc bé mat khong ddng nhat tir 1um dén
2um, hinh dang tinh thé 1a cac khi tru dai tir 80nm dén
100nm, cac hat Co hoac oxit ciia Co c6 kich thugc tir 15nm
dén 20nm bam xung quanh cac tinh thé BiVO, lam kha

don thuan. Qua két qua phan tich vat li XRD va Raman da
chi ra rang, dic trung ciu trac ciia cac mau vat lidu déu
thuoc cau tric don pha & dang tinh thé monoclinic-
scheelite. Haim luong Co qua nhiéu s& din dén tinh trang
khong thé xac dinh duoc cdu trac tinh thé, dwoc thé hién cu
thé qua mau 0,5Co-BiVO,. Cac hat tinh thé BiVO, duoc

nang hap phu bé mat cua vat liéu tét hon qua anh SEM va
TEM. Tt ca cac mau déu co thé hap thu anh sang ving
kha kién. Mau 0,2Co-BiVO, la mau tét nhat, véi higu suat
xtr i vuot troi 1én dén 96,78% voi hiang s k=1,882x107
phat™.
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Synthesis of Co-doped BiVO, via a hydrothermal method for decomposition of methylene blue
under visible light
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Abstract In this study, Co-doped BiVO, was sucessfully synthesized via a hydrothermal method. The as-synthesized Co-
doped BiVO, was characterized by X-ray diffraction (XRD), Raman, scanning electron microscope (SEM), transmission
electron microscope (TEM), X-ray photoelectron spectroscopy (XPS) and UV-Vis diffuse reflectance (UV-Vis DRS). The
XRD and Raman results shown that the BiVVO, crystallites show a monoclinic-scheelite structure. Co-doped concentrations
had a significant effect on the formation and size of the crystalline material. The adsorption properties of the material with
the cobalt or cobalt oxide particles on the BiVVO, surface was strongly enhanced. All samples can absorb visible light. The
0.2Co-BiVO, sample exhibited the best photocatalytic activity, 96.78% MB removal was achieved within 180 min.

Keyword BiVO,, Hydrothermal method, Photocatalysis, Methylene blue, visible light.
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