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SUMMARY

THE ENHANCE OF PHOTOCATALYTIC DEGRADATION OF
RHODAMINE B VIA Ce* DOPED ZnO NANOPARTICLES FABRICATED
BY ULTRASONIC ASSISTED HYDROTHERMAL

In the previous study, authors have showed the outstanding material properties of Ce** doped ZnO
(Zn/x%Ce) nanoparticles, which were successfully synthesized by hydrothermal and ultrasonic assisted
method. In this research, authors continue to investigate the optical characteristics, band gap energy of
Zn/x%Ce nanoparticles and application to treatment of rhodamine B (RhB) in water. The PL spectrum of the
Zr/5%Ce material has a peak at 420 nm, corresponding to the process of electron transfer from the 5d
orbitals to the 4f orbitals of Ce**. The broad overlapping emission band in the fluorescence spectrum is due
to the contribution of Ce** ions. The Ce** and Ce®" ions replaced Zn®" ions, significantly reducing the band-
edge emission of ZnO at 385 nm. Based on the diffuse reflectance spectra, band gap energies of Zn/x%Ce
nanocomposites are determined about 2.99-3.14 eV and the energy absorption in the visible region.
Rhodamine B was partially adsorbed by Zn/x%Ce nanoparticles with an efficiency of 10.435-20.676%.
According to Lagergren's second-order adsorption Kinetics equations for RhB with the correlation
coefficient R? = (0.9835-0.9921) closed to 1. Notably, the Zn/x%Ce nanoparticles have good photocatalytic
ability, the photodegradation efficiency of 92.665% is calculated for RhB when irradiated visible light in 3
hours. The photodegradation reaction according to the 1% order decomposition reaction kinetics model.
Based on outstanding properties, the Zn/x%Ce nanoparticles are potential use in the treatment of organic
dyes in wastewater is very promising.

Keywords: Zn/x%Ce**; nanoparticles; hydrothermal; photodegradation; rhodamine B.

I. MO PAU

Vit liéu nano‘c() kich thudc nho, do @6 ty dung lam vt lieu huynh quang, chiéu
1€ dién tich bé mat/the tich Ién hon nhiéu sang, danh dau sinh hoc, quang xuc tac
so vai vat liéu dang khoi véi céc tinh chat [1-2].

chat vat ly, hda hoc doc dao va duoc (ng
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ZnO la oxit ban dan cé vang cim thang,
d6 rong ving cam kha lon (~3,37 eV),
nang lugng lién két exciton cao (~60 mv)
hap thu tét trong viing UV-Vis, c6 do bén
co, hoa, nhiét rat cao, gia thanh ré va than
thién vai méi truong. Chinh vi vay ma vat
liéu nay duoc nhiéu nha nghién ctu quan
tam dén ca hudng nghién ctu co ban lan
tng dung. Cac nghién ciu cho thiy thoi
gian séng cua trang thai kich thich trong
vat ligu ZnO 1a nho nén ching thuong
dugc wng dung trong huynh quang hoac
danh dau sinh hoc [3]. Bé bién ZnO thanh
vat liéu tng dung trong nhiéu linh vuc
khéc nhau, giai phap compozit véi mot so
oxit khac hoic pha tap véi mot sb ion dat
hiém hoac kim loai chuyén tiép ho d,
nham kéo dai thoi gian séng cua tin hiéu
kich thich, dinh hudng trong ung dung
lam vat liéu quang xuc tac [4-6], phat
quang [7], xir 1y nudc thai bang hap phu
[8], khang khuan [4, 5, 9, 10] va chdng
ung thu[11].

Nano CeO, va nanocompozit trén nén
CeO; cing dugc chu y nghién ctu wng
dung trong cam bién phan tich du lugng
khéng sinh [11], quang xUc tac phén huy
pham nhuém [2, 12-16] va phét
quang[17].

Nghién cuu nay tiép tuc khao sat cac tinh
chat quang cua cac hat nano ZnO pha tap
ion Ce** ndng d¢ tir 0 dén 9 mol%, dugc
tong hop bang cong nghé thuy nhiét ho
tro siéu am va nghién ctru danh gia kha
nang xur ly RhB trong méi truong nudc.
Il. THUC NGHIEM

2.1. Hoa chat, dung cu, thiét bi

Téng hop vat liéu ZnO pha tap tir 0 dén 9
mol% Ce*" (Zn/x%Ce) bing rung siéu am
két hop thuy nhiét tir c4c tién chit ban dau
Zn(NOs);, Ce(S04)2.4H,0, NH3 (déu co
do sach 99% cua Merck) & nhiét do 200
°C trong thoi gian 12 gio. V4t ligu sau do
duoc loc rira, nung thiéu két 5 gio ¢ 600
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°C trong khong khi va duoc sir dung cho
cac phép do nghién ctru thuc nghiém.

Ph6é phat quang cua vat lieu Zn/x%Ce
dugc ghi do bang hé huynh quang FLS
1000 (Edinburch). Thiét bi UV-Vis-DRS
(Carry 5000) duoc dung dé ghi phé phan
xa khuéch tan cua vat liéu Zr/x%Ce. Hé
quang phd UV-1700 (PharmaSpec,
Shimadzu, Kyoto, Japan) ding dé do phd
UV-Vis cua RhB. Bén xenon (HID, H4,
12V, 7A, 55W) phét sang theo co ché hd
quang dién cho anh sang trang chéi xanh
(520-575 nm) véi cuong d6 sang 4300 K.

2.2. Xi ly RhB bdng cac vat liéu
Zn/x%Ce

Céc nano Zn/x%Ce duoc can chinh xac
mdi loai vat liéu 25,0 mg va cho vao cdc
thuy tinh dung tich 100 mL c6 chira san
30,0 mL dung dich RhB (C, = 10,0
mg/L). Giai doan dau, khudy tir cic dung
dich 15, 30, 45 va 60 phut trong bong tdi,
dé dat can béng hép phu. Giai doan sau,
chiéu anh sang dén xenon 55W trong céc
khoang thoi gian khac nhau tr 0-180
phut. Giir ¢6 dinh khoang cach tir dén dén
mit cde chira dung dich RhB 1a 10 cm va
dit trong budng toi, nham han ché téi da
anh hudng cta anh sang bén ngoai.

Thi nghiém so sanh dugc tién hanh tuong
tu nhu trén, nhung khong cé cac vat liéu
Zn0:Ce*". Tai cac mdc thoi gian nghién
ctu, ly tdm dung dich véi tbc do 4000
vong/phut trong 5 phit dé vat liéu ling can
hoan toan, 1iy khoang 3,0 mL dung dich
RhB sau xu 1y, ghi do phd UV-Vis trong
khoang bude song 400-700 nm. Tur céc gia
tri hip thu cuc dai tai A = 526 nm, tinh hiéu
suét xir Iy RhB (%H) theo biéu thirc:

%H =2 =A 100-a-2y100 ()
A, A,

trong d6 A, va A 1a cac gia tri do hap
thy quang cua dung dich RhB & thoi

diém ban dau va sau thoi gian xir 1y (t)
phut, tuong Gng.



I11. KET QUA VA THAO LUAN
3.1. Pho phéat quang cia Zn/x%Ce
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Hinh 1. Phé PL cua vat liéu Zn/x%Ce (x = 0; 5).
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Hinh 1 1a pho phéat quang (PL) cua céc
nano Zn/0%Ce va Zn/5%Ce, dugc ghi do
véi buac song kich thich 325 nm. Vat liéu
Zn/0%Ce phat xa manh trong vung ta
ngoai gan (385 nm) va ving anh sang
xanh-do (552 nm, 670 nm). Binh 385 nm
dugc quy cho phat xa bo vung, trong khi
cac dinh 552 va 670 nm dugc cho la qua
trinh dich chuyén ning luong & trang thai
gia k&m va trang thai khuyét oxi cua ZnO.
Vat liéu Zn/5%Ce phat xa manh trong
ving kha kién tir 400-800 nm, do qua
trinh phat xa chong chap cua mang nen
ZnO va céc dich chuyén trong mang nén
ZnO tir mac 5d cua trang thai kich thich

vé muc 4f cua cac ion Ce** va Ce®*. Pinh
& vi tri 420 nm duoc quy gan cho qué
trinh chuyén doi electron tir orbital 5d vé

orbital 4f cua ion Ce**. Con dai phat xa
rong chong chap trong phd huynh quang
la do sy dong gop cua ion Ce** [1, 2]. Két
qua nghién ctu tinh chat phét quang cua
vat lidu Zr/x%Ce da xac nhan rang, cac

ion Ce** va Ce®" da thay thé ion Zn?*, lam
giam dang ké qua trinh phat xa bd ving
cia ZnO ¢ 385 nm. Hién tuong phéat
quang dugc sinh ra do sy pha tap Ce™,
ciing nhu do cau tric gia kém va muac do
khuyét thiéu oxi duoc ting cuong [2, 5].
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Két qua nay la mot minh ching thuyét
phuc, khang dinh sy pha tap thanh céng
Ce**/Ce** vao mang nén ZnO, s& thiic diy
nang cao hiéu suit quang xUc tac cua cac
vat liéu Zn/x%Ce [17]. Cuong d6 phéat xa
cao trong vung UV c¢6 lién quan dén sy tai
hop nhanh chéng cua cip 16 tréng-
electron, trong khi cac dinh phat xa rong
trong mién kha kién cho thay su phan tach
hiéu qua gitra c4c electron va 15 tréng [1].

3.2. Nghién ciru pho UV-Vis-Drs va d9
rong vung cam caa cac nano Zn/x%Ce

Pic trung phan xa khuéch tan ning
lwong cua cac nano Zn/x%Ce(x = 0-9)
dugc danh gia thong qua phd UV-Vis-Drs
va dugc trinh bay trén hinh 2a. So vai
ZnO nguyén chat, dai hap thu cuc dai cua
c4c nano Zn/x%Ce c6 xu huéng chuyén
dich vé phia ving kha kién, trong khoang
budc song 395 dén 415 nm. Diéu nay tao
thuan lgi cho qua trinh quang phan chat
hitu co bing cac xdc tdc nano Zn/x%Ce
dudi anh sang nhin thay. Sy lién hé giira
do rong ving cédm (Ey) va (ahv)’ cua
nano Zn/x%Ce dugc thé hién trén céc
duong cong nang luong Kubelka-Munk
(hinh 2b).

Quan sét hinh 2b nhan thay, gia tri Eg
cua ZnO khoang 3,14 eV da giam xudong
con 2,99 eV khi ting nong d6 pha tap cua
Ce*" dn 9 mol% va thap hon nhiéu so
Vé6i céc cong bd trude do [2, 3, 5, 9, 13].
Dir kién nay da xac nhan sy anh huong
tich cuc cua Ce**/Ce** khi dugc pha tap
vao nén ZnO, gay dich chuyén manh su
hip thu ning luong sang vung nh|n thy
va cai thién tinh chét quang cta nén ZnO
[13]. Khi ting mol% Ce** pha tap, c6 xu
hudng gia taing nhe duong kinh trung binh
cua hat nano va lam giam nang lugng Eq
[2]. Hién twong nay xay ra la do cac phan
muc nang lwong 4f cua ion Ce** da duoc
chén vao gitra khoang céach hai ving VB
va CB cua ZnO, hinh thanh cadc murc nang
lwong nho hon ving cam cua ZnO (~3,14



eV) [2, 12, 15]. Hiéu &ng nay gép phan thudc nhudm hiru co va khéng sinh trong
nang cao kha ndng va hiéu suat phan tng nude dudi anh sang kha kien.
quang phén cta nano Zr/x%Ce do6i voi

Zn/0% Ce —m=— Eg 0% =3.10 eV
Zn/1% Ce —e—Eg_1%=3.07 V| (b)
Zn/5% Ce —+—Eg 5% =3.01eV
Zn/9% Ce —w— Eg_09% = 2.96 ¢V
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Hinh 2. (a) Phé UV-Vis-Drs va (b) Puong cong Kubelka-Munk ciia céc nano Zn/(0-9)%Ce.
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Hinh 3. Phé UV-Vis duéi anh sang khd kién cia RhB: (a) Thi nghiém doi ching; (b) Zn/0%Ce; (c) Zn/5%Ce;
(d) Zn/9%Ce.
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Hinh 4. M6 hinh biéu kién déng hoc hap phu RhB dang tuyén tinh cia cac nano Zn/(0-9)%Ce: (a) Bdc 1; (b) Bdc 2.
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Hinh 5. (a) Gia tri C/C, cua dung dich RhB theo thai gian xu Iy, (b) Dong hoc tuyén tinh cia phan ing quang
phan RhB bang cac xtc tac Zn/(0-9)%Ce dwdéi anh sang khd kién (den xenon 55W).
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Hinh 6. Sir oxi hoa khir RhB trong qua trinh quang phan bdi cac xuc tac nano Zn/x%Ce
dudi &nh sang kha kién
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3.3. Pong hoc hap phu RhB cia céac
nano Zn/x%Ce

Hinh 3(a-d) trinh bay phd hap thu phan
tor caa RhB theo thoi gian khi thi nghiém
dbi chiing va khi c6 cac xUc tac nano
Zn/x%Ce (x = 0; 5; 9). Khi chwa chiéu
sang, higu suat hap phu RhB cua céc vat
lieu Zn/x%Ce dat 10,435 d€n 20,676%.
Tai thoi diém t (phat), dung luong hip
phu cua vat liéu ddi voi RhB duoc tinh
theo biéu thic:

_G-C,,
m

0 (2)

Lagergren da dwa ra cac md hinh dong
hoc tuyén tinh bac 1 va bac 2 theo céac
phuong trinh sau [8, 14]:

k
log(q, —q,) =logq, — — 3)

1
2,303

t 1 t
- = 5 +—
qt kzqe qe

O day, q va ge lan luot 1 dung luong hap
phu RhB trén Zn/x%Ce tai thoi diém t phat
va thoi diém can bang (mg/g); ki va k 1a
c4c hang sb tbe do hap phu bac 1 (phat™) va
bac 2 (g.mg™.phat™), trong &ng.

(4)

Hinh 4(a,b) md ta cac dang mé hinh
dong hoc tuyén tinh hap phu RhB bai cac
nano Zn/x%Ce. Quan sat nhan thiy, céac
vat liéu Zn/x%Ce hip phu RhB tuan theo
mé hinh déng hoc hap phu bac 2 (hinh
4b) v6i hé sb twong quan R? = 0,9835 -
0,9921, rat gan 1,0 va cao hon so véi md
hinh dong hoc hip phu bac 1 (hinh 4a).
Gia tri ge xac dinh theo phuong trinh (4)
lan luot 1a 2,5590; 1,8958; 2,6630; 1,3522
mg/g va hang sb k, tuong tng la 0,0386;
0,1767; 0,0787; 0,1221 (g.mg.phut™).
3.4. Vai trod cia ion Ce*" nang cao hiéu
suit quang phan RhB cia xdc tac nano
Zn/x%Ce

Sy giam ndng do cia RhB theo thoi
gian xir ly trong thi nghiém dbi ching va

91

khi c6 cac xuc tac Zn/x%Ce*" duoc trinh
bay trén hinh 5a. Hiéu suit phan ung
quang phan RhB khi c6 c&c xuc tac
Zn/5%Ce va Zn/9%Ce tang 1én dang ké,
ter 75,072% (ZnO) tang 1én 92,665%
(Zn/9%Ce), xac nhan anh huong tich cuc
caa Ce™/Ce® trong nén ZnO, lam ting
cuong hoat tinh quang xuc tac cua cac vat
liéu Zn/x%Ce.

Céc gid tri o rong ving cam (E,) cua
vat liéu pha tap Ce la thip hon so vdi khi
khéng pha tap Ce (Hinh 2b), di tang
cuong kha nang quang xtc tac phan huay
pham nhudém ciia cac nano Zn/x%Ce. Nho
qua trinh bdy electron (Ce*" + 1le” S
Ce®"), da thiic day hiéu qua sy phan tach
di¢n tich va ngan ngua sy tai hop cac
electron va 15 trong, lam gia tang giai
phong cadc nhdm c6 kha nang phan ung
cao nhu O, va OH’, tang cuong hiéu qua
quang xUc tac cua cac vat liéu
Zn0:Ce**/Ce®* [5, 10]. Qué trinh quang
phan duoc xuc tac boi cdc vi tri tam lién
viing Zn0:Ce*/Ce*, trong d6 co lugng
I6n cac chd khuyét oxy linh dong cao & vi
trf cua ion Ce™.

3.5. Pong hoc va co ché quang xuc tac
phan huy RhB bing vat liéu Zn/x%Ce

Hinh 5b mé ta phuong trinh dong hoc
tuyén tinh bac nhét cua phan ng quang
phan RhB bai cac xuc tac Zn/x%Ce. Céc
phan tng quang xuc tac phan huy RhB co6
hang s toc do xac dinh duoc lan luot 12
6,570.10% 7,940.10% 9,690.10° va
1,463.10 phat™* tuwong ung véi cac xuc
tdc Zn/x%Ce (x = 0-9). Nhu vay, vat liéu
Zn/9%Ce c6 kha ning quang xUc tac tot
hon va hang sb téc d6 phan tng cao gap
2,23 lan so véi ZnO ban dau, dusi anh
sang kha kién. Vai tro cua cap Ce**/Ce*
va cac phan rng xay ra trong qua trinh
quang phan RhB khi cé xuc tac Zn/x%Ce
dugc mo ta khai quat trong hinh 6.



4. KET LUAN

Phé huynh quang cta nano Zn/(0-
5)%Ce da xac nhan ving phat xa chong
chap cua ion Ce** vao phé phét quang cua
ion Ce** va su thay thé cac ion Ce*", Ce**
vao vi trf ciia Zn?* da 1am giam su phat xa
b viing ctia nén ZnO ¢ ~385 nm. Su héap
thu nang lwong cua cdc vat liéu nano
Zn/x%Ce xay ra trong ving nhin thay, véi
ning lwong ving cdm nho trong khoang
3,14-2,99 eV. Ban dau, cac vat li¢u
Zn/x%Ce hap phu mot phan RhB vai hiéu
suat tir 10,435-20,676%. Trong qué trinh
quang xuc tac, cac Zn/x%Ce c6 kha nang
thiic day sy oxi hoa khir va phan huy RhB
dat hiéu suit cao nhat 92,665% trong 180
phat chiéu sang kha kién, phi hop Vi
phuong trinh dong hoc phan tng bac 1.
Hoat dong quang xUc tac dugc ting cudng
gap 2,23 lan khi pha tap 9 mol% Ce** vao
nén ZnO. Cac xUc tac quang Zn/x%Ce c6
tiém nang ung dung lam vat liéu xu ly
triét dé khang sinh ton du va chét hiru co
doc hai gay 6 nhiém ngudn nudc.
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