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Abstract

The materials of Cerium, carbon co-doped Zinc Oxide was prepared at 180 °C by the hydrothermal method. Its
products were characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM), Energy-dispersive X-
ray spectroscopy (EDX), UV-VIS-spectroscopy. The XRD spectra show that the samples with percentage of Ce doped
less than 2 mol% have single phase and hexagonal wurtzite structures. The SEM images show that the material are
hierarchical nanostructure with the nano scales beam into the flowers. The bandgap energy of cerium, carbon co-doped
Zinc Oxide is approximate 2.8 eV. The obtained results endicated that the material are a promising photocatalyst

activing under visible-light inrradition.
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1. MO PAU

Trong nhitng nim gan ddy, mot sd chat ban din
dd duoc st dung 1am chit xac tac quang hiéu qua
cao nhu TiO,, ZnO [1, 2]. Tuy nhién, do d6 rong
ving cam cta TiO,, ZnO kha 1én (~ 3,25 eV) nén
cac hop chit nay chi hap thu anh sang tir ngoai da
han ché viée mg dung chung vao thyc tién. Vi thé,
nhiéu nghién ctru da dugc thuc hién dé tao ra cac vit
liéu c6 hoat tinh quang hoa trong ving anh sang kha
kién.

Cac nghién ctru gan day cho thdy, sy pha tap cac
kim loai hodc phi kim vao cac oxit ban dan la mot
trong nhiing phuong phap hiéu qua nhit dé mo rong
bo hap thu anh sang tir ving tir ngoai sang vung kha
kién. Sb lugng 16n cac nghién ctru ve€ sy pha tap cac
kim loai chuyén tiép (Mg, Mn, Co, Ce) hoic cac phi
kim (C, N) v6i TiO,, ZnO da lam cai thién déang ké
hoat tinh quang xutc tac cia ching trong vung anh
sang kha kién [3-5]. Tuy nhién, c6 mét so nghién
ctru cho thay néu chi pha tap mot nguyén té kim loai
chuyén tiép hodc phi kim vao cic chat ban dan nay
co thé sinh ra cac tm tai t hop cac cap electron va
16 trong quang sinh, do d6 lam gidam hoat tinh quang
xuc tac cua chung [6-8]. Gan day, mot sb bao co vé
tinh toan ly thuyet va cac két qua thyc nghiém chimg
to rang viéc dong pha tap kim loai chuyen tiép va
phi kim c6 thé 1am giam cac tam tai t6 hop cua cac
cip electron va 15 trdng quang sinh boi vi co su
trung hoa dién tich dwong va am bén trong chit ban
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dan, do d6 viéc di chuyén cac phan tir mang dién tro
nén dé dang hon va lam ting hoat tinh quang xtic tac
ctia vat liéu [9-16]. Nhiing Ii do trén day da thuc day
ching t6i nghién ciru, ché tao vt lidu oxit ZnO dong
pha tap kim loai va phi kim.

Trong bai bao nay, vat liéu ZnO pha tap Ce, C
bude dau duoc ching toi nghién ciru, tong hop & cac
diéu kién khac nhau béng phuong phap thiuy nhiét va
dic trung cdu truc bang cac phuong phap Hoa i hién
dai. Cac két qua nghién ctru cho thay vat lidu c6 cdu
tric da chiéu va c6 thé duoc st dung nhu mét chét
xuc tac quang hoa hoat dong hiéu qua trong vlng
anh sang nhin thiy.

2. THUC NGHIEM

2.1. Piéu ché oxit ZnO dong pha tap Ce, C bing
phwong phap thiy nhiét

Vit liéu C, Ce-ZnO dugc téng hop tir Zn(NO3),
Ce(NO3); va Poly vinyl ancol (PVA) (Himedia-An
Do). Cho vao coc thuy tinh dung dich Zn(NOj),,
Ce(NOs); véi ti 1¢ mol Ce**/Zn*" tuong tmg 0,5, 1, 2
va 4 % va mot lugng PVA thich hop, tron déu dung
dich trén may khudy tir khoang 30 phat. Chuyén toan
bd dung dich vao binh phan tmg (Autoclave) dung
tich 80 ml va 6n dinh nhiét trong ti siy ¢ 180 °C
trong 5 gio. Sau d6 dé ngudi binh phan tmg dén nhiét
d6 phong 1di tién hanh loc, rira chit rén nhiéu lan
bang nudc cit dén pH = 7 va sy chat rin o
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70 °C trong 7-8 gid, thu dwoc san phdm dang bot min.
2.2. Cac phwong phap danh gia vat liéu

Sy hinh thanh va bién d6i pha tinh thé cua vat
liéu téng hop dugc xéac dinh b?mg nhiéu xa Ronghen
trén thiét bi D8 Advance cta hang Bruker (Dirc) véi
budc song A = 1,54 A,

Hinh thai hoc va kich thudc hat duoc xac dinh
bang hién vi dién tir quét SEM trén thiét bi Hitachi
S-4800 (Nhat Ban).

Phén tich dinh luong thanh phan cac nguyén to
c6 trong mau trén may JED-2300 - Jeol (Nhat Ban)

Phan tich phd hip thu UV-VIS mau bot xuc tac
trén may V-500 JASCO (Nhat Ban).
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hat trung binh); A: budc soéng cua tia X, A = 11,54 A.
A(20) = FWHM: d¢ ban rong ctia vach nhicu xa.

3. KET QUA VA THAO LUAN
3.1. Két qua nhiéu xa tia X (XRD)

3.1.1. Khdo sét anh huong ham luong PVA dén sir
tgo phatinh thé
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Hinh 1: Gian d6 XRD ciia ZnO-Ce, C v6i ham lugng PVA khéc nhau

Bang 1: Thong s6 mang va kich thudc tinh thé trung binh cac mau diéu ché
& cac ham lugng PVA khéac nhau

My Hing s6 mang (A) 20 B(FWHM) | Kich thudc tinh thé
a | b ¢ | @ | (o trung binh (nm)
0,08 M PVA | 3,2417 | 3,2417 | 5,1876 | 36,42 0,126 66,36
0,1 M PVA 3,2417 | 3,2417 | 5,1876 | 36,26 0,122 68,53
0,12M PVA | 3,2417 | 3,2417 | 5,1876 | 36,329 0,145 57,67
0,14 M PVA | 3,2417 | 3,2417 | 5,1876 | 36,384 0,134 62,41

Cac mau dugc didu ché ¢ 180 °C trong 5 gio véi
ti 16 mol Ce*/Zn*" 14 1 %; ndng d6 mol PVA tuong
ung la 0,08; 0,1; 0,12; 0,14 M. Két qua phan tich
nhiéu xa tia X chi ra & hinh 1 va bang 1.

Gian dd XRD cac miu (hinh 1) cho thiy tit ca
cac mau déu c6 ciu tric don pha Hexagonal wurtzite
ctia ZnO. Anh phd vdi cac pic cao va sic nét chimg
t6 cac mau co d¢ tinh thé hoa cao. Két qua & bang 1
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cho thay khi ting nong d6 PVA tir 0,08 dén 0,12 M
kich thudc trung binh tinh thé giam dan va khi nong
d6 PVA tiép tuc tang thi kich thudc trung binh tinh
thé ting lén. Picu nay c6 thé giai thich nhu sau:
PVA ngoai vai tro 1a tién chit cung cép cacbon, né
con c¢0 vai tro tao phirc véi cac ion kim loai thong
gua cac nhdém -OH tao thanh mang ludi khong gian
ba chiéu nham tranh sy két tu, nhung khi ham lugng
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PVA tang cao, lugng du PVA s€ lam tang d nhot
dung dich, can tr¢ qué trinh hinh thanh tinh thé,
dong thoi co thé 1am két tu cac tinh thé méi tao nén
nhitng tinh thé 16n hon.

Tir két qua ¢ bang 1 ching t6i chon nong do
PVA 12 0,12 M cho céac nghién ctru tiép theo.
3.1.2. Anh hwéng ciia ti Ié pha tap Ce dén su tao pha
tinh thé

Téng hop, ddc trung va tinh chdt...

Gian @6 XRD (hinh 2) cho thdy, cac mau véi ti
16 mol Ce*/Zn** 0,5 % va 1 % c6 ciu trac don pha
Hexagonal wurtzite cia ZnO véi d§ tinh thé hoa cao,
mAu con lai ngoai pha ZnO con xuit hién thém pha
Ce0,. Su tach pha nay co thé do chénh 1éch kha 16n
ban kinh ion Ce* (0,92 A) va Ce*'(1,03 A) so voi
ion Zn?* (0,6 A) khién cho viéc xdm nhap cua Xeri
vao mang tinh thé ZnO kho khin. Tir dit liéu tinh
toan kich thudc tinh thé (bang 2) ching toi chon ti 18
mol Ce*/Zn**130,5 % mol.
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Hinh 2: Gian dd XRD ciia ZnO pha tap Ce, C véi ti 1é mol Ce**/Zn?* khac nhau

Bdng 2: Thong s6 mang ctia Ce, C véi ham lugng Ce pha tap khac nhau

Miu Hang s6 mang M| 20 | BEWHM) Kich thuéc
a(d) | b(A) | c(A) | (nm) (d6) (d0) tt trung binh (nm)
0,5% Ce | 3,2417 | 3,2417 | 5,1876 | 0,154 | 0,9 | 36,374 | 0,128 65,34
1% Ce | 3,2417 | 32417 | 5,1876 | 0,154 | 0,9 | 31,931 | 0,122 67,74
20hCe | 3,417 | 3,2417 | 5,1876 | 0,154 | 0,9 | 36,38 0,096 87,12
4%Ce | 3,2417 | 32417 | 51876 | 0,154 | 0,9 | 31,932 | 0,001 90,81

3.2. Hinh thai hoc bé mit ciia miu

Anh SEM cho théy vat liéu ZnO pha tap Ce, C
téng hop dugc c6 cdu truc da chidu giéng hinh bong
hoa (hinh 3b), v6i cac canh hoa - nano scale (hinh
3a) kha dong déu c6 kich thudc nanomet. Anh SEM
cho théy vat liéu téng hop duoc kha xdp.

3.3. Két qua pho tan sic ning lwgng (EDX)
Két qua phd EDX (hinh 4) cia miu ZnO-Ce, C

véi ti 18 mol Ce*/Zn*" 0,5 %, ham lugng PVA 0,12
M cho thay sy c6 mat cuia cac nguyén to C, O, Zn, Ce.

3.3. Két qua phd phé UV-VIS miu rin

Két qua phé UV-VIS mau ran (hinh 5) cho thdy
¢6 su dich chuyén bo hip thu sang ving anh sang
nhin thiy khi pha tap Ce hodc pha tap dong thoi Ce,
C vao mang tinh thé ZnO, trong d6 vt liéu ZnO pha
tap déng thoi Ce, C ¢6 su dich chuyén manh nhét.
Dua vao ham Kubelka-Munk, chiing t6i tinh dugc
gia tri nang luong ving cam cua ZnO, ZnO pha tap
Ce va ZnO pha tap dong thoi Ce, C lan luot 1a 3,2
eV; 3eV; 2,8 eV. Su pha tap déng thoi Ce va C vao
ZnO di thu hep ning luong ving cam cta ZnO
xudng 2,8 eV — mic ning luong cho phép vat liu
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c6 kha nang he”'lp’thu anh sang ving kha kién. i vat liéu ZnO pha tap Ce, C va su pha tap dong thoi
Nhu véy, tat ca cac dac trung thu dugc déu  Ce, C da lam cai thién tinh chat quang cua vét liéu.
ching minh cho sy thanh cong trong viéc tong hop

X30,000 WD 8.1mm 1()l'lm: SE SEM kv X1,000 WD8.1mm 10um

Hinh 3: Anh SEM cuaa ZnO pha tap Ce, C
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4. KET LUAN

D4 diéu ché thanh cong vat liéu ZnO pha tap Ce,
C bang phuong phap thuy nhiét.

ba nghién ctru anh hudéng cua ham lugng PVA
va ti lef; mol Xeri pha tap dén sy tao thanh ciu trac
tinh thé. Vat liéu ZnO pha tap Ce, C v61 ham luong
Ce pha tap nho hon 2 % mol c6 cau trac don pha
Hecxagonal Wurtzite ZnO va c6 cau triic da chiéu
kiéu bong hoa A cac canh-nano scale két chum lai.

Su pha tap dong thoi Ce va C da ting cuong tinh
chét quang cua vat liéu bdi su thu hep nang luong
ving cim (2,8 eV), do d6 vat lidu c6 kha niang hap
thu t6t vang anh séng kha kién.
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