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This paper reports the photocatalytic properties of CeO2:4%Eus*, XAl
(x=0, 2, 4, 6, and 8% mol) phosphors that were synthesized by a facile
combustion method. The nanoparticles were characterized by X-ray
diffraction (XRD), scanning electron microscopy (SEM), energy
dispersive x-rays (EDX), and UV-Visible spectroscopy (UV-Vis).
XRD analysis showed the formation of a single-phase fluorite CeO,.
SEM images confirmed the spherical-like-shaped particles with an
average size of about 60 nm. Especially, all the samples exhibited
excellent photocatalytic activity, and they revealed degradation
capacities of approximately 98% after 90 min under ultra-violet (UV-
C) lamp irradiation (A = 254 nm) at room temperature. There results
indicate that the CeOxEu®, AI** materials are suitable for
photocatalytic applications.
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Hoat tinh xdc tac quang
Phuong phap d6t chay
Methylene blue
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CeO,:Eud* ddng pha tap Bi%*

Nghién cru ndy béo céo vé tinh chat quang xdc tac cua vat liéu
Ce02:4%EU®, X%AIR* (x =0, 2, 4, 6, 8) duoc tdng hop bing phuong
phap dbt chay. Pac diém cau trdc, tinh chat va hinh théi cua céc hat
nano duoc xac dinh bing phuong phap nhiéu xa tia X, kinh hién vi dién
tir quét phat Xa truong, tan xa ning lugng tia X va phd phan xa-khuéch
tan UV-Vis. Phan tich gian dd XRD cho thay céc vat liéu thu dugc c6
céu trac don pha véi cau trac fluorite. Anh SEM cho thay cac vat liéu
¢6 dang hinh cau vai kich thugc trung binh khoang 60 nm. Dic biét, vat
lieu CeO2:4%EU3*, X%AIR* cho thiy kha ning xtic tac quang tdt, chuyén
hoa trén 98% methylene blue (phdam nhudm cation) sau 90 pht chiéu
séang bang buc xa tir ngoai xa (budc song 254 nm) & nhiét 6 phong.
Nhitng két qua nay chi ra rang vt liéu CeO»:Eu®*, AIR* phu hop cho
ung dung trong xUc t&c quang.
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1. Gigi thiéu

Trong nhirg nam gan day, cung voi su phat trién cia cac nganh cong nghiép dé dap ung cac
nhu ciu ngay cang cao clia con ngudi, rat nhicu cac hop chat tong hop bén va doc hai di duoc
thai ra moi truong nhu pham nhudém hiru co, chit tiy rira, phan bon, thude trir sau, thude bao vé
thyc vat, duoc pham,...[1] — [5]. Pac biét, & nudc ta, nudc thai tir nganh cong nghiép dét va lang
nghé dét nhudém thu cong khong qua xir li da gdy ra tinh trang 6 nhiém ngudn nudc ¢ nhiéu noi,
anh huong dén mai trudng, strc khoe con nguoi, hé sinh thai va sinh vat thuy sinh.

Dé xir li cac pham nhudm trong nude thai 6 nhidm, qué trinh xtc tic quang duoc danh gia 1a
mét cong nghé xur li nude 6 nhlém don gian, chi phi thap, than thién véi moi truong, giam thiéu
dugc cd nguodn 6 nhiém thir cap [2], [4], [6], [7]. Gan day, nhiéu hé vat liéu xtc tac quang trén
nén CeO; di thu hut duge su quan tam nghién ctu do thé hién tiém nang xuc tac tot. Vi duy, hé
vat li€u XUC tac Agl/CeO; chuyén hoa trén 97% diclofenac  trong thot gian 120 phat dudi den UV
cong suit 125 W [6]. Vi hé vat liéu WOs/CeOy, hiéu suat chuyén hoa sulfamerazine dat 100%
khi chiéu dén xenon 200 W (A > 420 nm) trong 3 gio [2]. Trong nghién ctru gan day, H. Li va
cong sy [3] da chi ra ring vt liéu CeO2@EG (expanded graphite) chuyén hoa 97,3% phenol, cao
gip 354 l1an so véi vat liéu nén CeO2. Trong xuc tac chuyén héa phdm nhudm, vat liéu
Ce0,/CdSe cho thiy c6 kha ning chuyén hoa dén 97% pham nhuém d6 Congo [4]. Bén canh do,
vat liéu CeO2:xXEU* (x = 0, 0,01, 0,02, 0,04 va 0,08, twong tng véi 0, 1, 2, 4, 8% mol) c6 hiéu
sudt chuyén hoa Rhodamine B ting theo ndng d6 Eu®* pha tap, dat cao nhéat 90% sau 120 phuat va
dat 100% sau 200 phit chiéu birc xa UV-Vis [5]. Dic biét, khi c6 mit AgNO; véi vai tro chat oxi
hoa, hé vat liéu CeO,:0,08Eu3* chuyén hoa 100% Rhodamine B sau thoi gian 40 phat [5].

Tir cac két qua trén cho thiy, vat liéu CeO, va CeOx:Eu?* ¢6 kha nang xuc tac quang tot, dién hinh
trong chuyén héa pham nhudm. Tuy nhién, ion Eu* pha tap 1a ion dét hiém c6 gia thanh cao nén can
¢6 nghién ctru dé thay thé mot phan ion nay bang cac ion phd bién, gia ré hon [5], [8] -[13].

Trong nghién ctru ndy, cerium dioxide (CeO,) duoc chon dé ché tao mang nén do co cac dic
tinh bén trong méi truong tu nhién, d& ché tao, c6 hoat tinh xdc tac [14], [15]. Mit khéc, viéc
ddng pha tap cac ion Eu3* va AI** trén nén CeO, nham thay thé mot phan Eu®* bang AIF* @ lam
giam chi phi ché tao, dong thoi van duy tri duoc hoat tinh x(c tac cua vat ligu. Tir 6, nghién ctu
tap trung tong hop vat liéu CeO,: 4%Eu®, %A (x =0, 2, 4, 6, 8) bang phuong phap a6t chay,
xéac dinh cau trdc, hinh thai va khao sét hoat tinh xtc tac quang dbi voi sy chuyén hoa pham
nhuém methylene blue (MB).

2. Thuc nghiém
2.1. Tong hop
Céc dung dich mubi Ce(NOs)3 0,20M, Eu(NOs)3 0,10M va Al(NOs)3 0,10M dugc pha ché tir cac

chét dau (99,9%, xuét x Trung Qudc) twong tmg 1a Ce(NOz)3*6H20, Euz03 va Al(NO3)s*9H:0.
Pha tron cac dung dich Ce(NOs)s, EU(NOs)s va AI(NO3); véi ti 1€ phan tram vé s6 mol tuong

ung la [100— (4+X)-%] , 4 va x. Thém tiép urea rin vao dung dich v&i s6 mol urea gip 10 lan sb

mol vét liéu. Bun néng dung dich ¢ 80 °C va khudy tir dé dudi hoi nudc dén khi thu duoc hdn hop
dang dac, sanh. Chuyen cbe dung chit ran vao 10 nung va nung so by ¢ 400°C trong 4 gio, thu duge
tién chat. D& nguoi tién chét, sau d6 nghién nho bang cbi ma nio rdi tiép tuc nung trong khong khi
& nhiét do cao hon (600 °C va 800 °C), thu dugc vat liéu CeOa: Eu®t, AP,

Toan bd qua trinh tdng hop vat liéu CeOz: Eu?, A duogc biéu dién trén Hinh 1.

2.2. Khao sdt cdu truc, tinh chat

Cau trac tinh thé CeO:Eu®, AIF* dugc xac dinh bang phuong phdp XRD trén méay D8-
Advance (Bruker, KaCu = 1,54060 A) tai Vién Khoa hoc Vat liéu, Vién Han 1am Khoa hoc va
Cong nghé Viét Nam.
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Anh SEM cua vit liéu duoc ghi trén may HITACHI S-4800 tai Vién Khoa hoc Vit liéu, Vién
Han I&am Khoa hoc va Céng ngh¢ Viét Nam.

Pho phan xa khuéch tan UV-Vis mau ran cua vat liéu duoc do trén may JASCO V-770 tai
Khoa Vit li, Truong Pai hoc Su pham Ha Noi.

Hoat tinh xtc tac quang cta vat liéu CeO,: EU®*, AP* duoc khao sat véi hé chira 150 mL dung
dich MB (ndng d6 30 ppm) dung trong mot dng do. Ban déu, hé duoc thém vat lidu xtc tac voi
ham luong 2 g/L va duge khudy 30 phat trong bong toi dé dat can bang hap phu. Tiép do, hé
dugc chiéu sang bang mot dén UV-C (254 nm) nhung trong dung dich & nhiét d6 thuong. Sau
mdi khoang thoi gian 30 phit, 5 mL dung dich duoc lay ra dé xac dinh ndng d6 MB con lai tai
budc song cuc dai 660 nm trén may do UV-Vis S60 Biochorom tai Khoa Hoa hoc, Truong Dai
hoc Su pham Ha Noi. Hi€¢u sudt chuyén hoa (%) cua MB duoc tinh theo cong thure:

Hiéu suét chuyén hoa (%) = G —C, x100

0
Trong d6, Co va Cq 1an luot 1a ndng d6 MB tai thoi diém ban dau va thoi diém t.

CG(NO3)3 EU(NO3)3 A|(N03)3
| |

Dung dich gom
CE(NO3)3, EU(N03)3 va A|(N03)3

A Kh A N o 0
Thém urea < uay tir ¢ 80 °C

Dung dich dong nhat

«—Khuay tir & 80 °C, dun ¢6 dudi hoi nudc
v

Hon hop dic, sanh

l«—Nung so bo ¢ 400°C, 4 gio
v
Tién chit

«—Nung & nhiét d6 cao, 4 gio
v

Ce02:4%Eu®t, X%AI3*

Hinh 1. So d6 tong hop vit liéu nano CeO2:4%Eu?*, x%AI*
3. Két qua va thao luan
3.1. Téng hop va xdc dinh céu tric

Trong téng hop vét liéu, nhiét d0 nung 0 c6 dnh hudéng manh dén céu trac, hinh thai va hoat
tinh xtic tac cua vat liéu thong qua cac thong 6 nhu mirc 46 hoan chinh cua tinh thé, hinh thai bé
mit va kich thuéc hat. Dé tim duoc nhiét do nung U thich hgp, hé vat liéu CeO2:4%Eu®*" duoc
chon dé khao sat nhiét do nung u & 400 °C, 600 °C va 800 °C.

Cau trdc tinh thé Ce02:4%Eu®* thu duoc ¢ cac nhiét do nung u khac nhau dugc xac dinh bang
phuong phap XRD (Hinh 2).
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Hinh 2. Gidn d6 XRD ciia CeO2:4%Eu® duoc nung u ¢ cdc nhiét do khdac nhau

Két qua Hinh 2 cho thay, cac vat ligu CeO2:4%EU*" thu dugc déu don pha ngay ca & nhigt do
nung u la 400 °C. Cuong d6 céac pic nhiéu xa, dac biét l1a (111), cao nhat khi nung u ¢ 600 °C; khj
nung u ¢ 800 °C, cuong do cac pic giam. Bén canh do, kich thudc trung binh cua tinh thé
Ce0,:4%Eu** dugc xac dinh theo cong thitc Debye-Scherrer [4], [15] (1).

Bang 1. Gia tri kich thudc trung binh cua tinh thé CeO:4%Eu3*
Kich thuée tinh thé trung binh

Vit liéu A A
CeOz:A%EU b @ 26 (@ (nm)
400 °C 0,4360 28,58 18,8
600 °C 0,4616 28,52 17,7
800 °C 0,3321 28,55 24,7
T T T T T T T T T T
Ce0,4%Eu’", x%AI"
—
= X
Z |
" 8
=
<« 6
o 4
%ﬂ 2
,b 0
@)
T T T T T T T T T T T
20 30 40 60 70 80

50
G6c 26 (do)
Hinh 3. Gidn dé XRD ciia CeO2:4%Eu3*, x%AIR* dwoc nung 4 ¢ nhiét dg 800 °C.
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Gia tri kich thuéc tinh thé thu dugc 16n hon so v6i hé CeogsEuo 402 dugc cong bd trong tai
liéu [8] 14 10,1 nm. Dua vao két qua Hinh 2 va Bang 1, nhiét d6 nung u 800 °C duoc chon cho
qua trinh tdng hop vat liéu dé thu duoc kich thugc tinh thé trung binh 16n nhét. Tur do, cac hé vat
licu CeO2:4%EU®, X%AI** cling dugc nung u & 800 °C (Hinh 3).

Dua vio két qua trén Hinh 2 va Hinh 3 cho thay, cac vat liéu CeO:4%Eu®, X%AI** thudc hé
1ap phuong, céu trac kiéu fluorite, hing sé mang a =b = ¢ = 5,412 A, ting véi thé chuan JCPDS
s6 34-0394, nhém khong gian Fm-3m [8]-[10], [15]. Trén gian db nhiéu xa khong xudt hién pha
) d4 di vao nén tinh thé & vi tri thay
thé Ce**. Kich thudc trung binh cua tinh thé CeO2:4%Eu3*, x%AI** ciing duoc xac dinh theo cong

tinh thé la, budc dau ching t cic cac ion pha tap (Eu*, AR

thic Debye-Scherrer (Bang 2).

Bang 2. Gid tri kich thuéc trung binh ciia tinh thé CeO:4%Eu3*, xX%AI*

Vit liéu

Kich thuée tinh thé

Ce02:4%Eu®, X%AI** B (d9) 26 (d9) trung binh (nm)
x=0 0,33216 28,55 24,7
X=2 0,50062 28,58 16,4
Xx=4 0,27728 28,58 29,6
X=6 0,43183 28,58 19,0
Xx=8 0,31938 28,58 25,7

Két qua Bang 2 cho thdy, gia tri kich thuéc tinh thé trung binh cuia vat ligu CeO2:4%Eu™,
X%AP* thay doi khong theo ti 1& pha tap AIP* va nhé hon so véi CeOzEut la 45,9 nm va

CeO2:Eu®, Li* 1a 44,1 nm [9].
3.2. Hinh théi, thanh phan, tinh chat

Déi véi vat lidu xuc tac, hinh thai hoc clia vat liéu c6 y nghia quan trong vi quyét dinh dén
dién tich va kha nang tiép xuc vdi chat mau hitu co. Do viy, hinh thai bé mat va kich thudc hat

clia cac vat lidu da duoc xac dinh bang anh SEM (Hinh 4).

-

lllllllllll

IMS-NKL 5.0kV 4.8mm x60.0k SE(M) 500nm ] IMS-NKL 5.0kV 4.8mm x60.0k SE(M)

RN
500nm

Hinh 4. Anh SEM ciia cdc méu (a) CeO2:4%Eu3*, (b) CeO2:4%Eu3*, 2%Al, (c) CeO2:4%Eu3*, 4%Al,

va (d) CeO2:4%Eu®, 6%Al

http://jst.tnu.edu.vn 153

Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

TNU Journal of Science and Technology 227(16): 149 - 157

Két qua Hinh 4 cho thiy cac hat vat lidu CeO2:4%Eu®, x%AIR* déu c6 dang hinh ciu, kich
thudce hat trung binh khoang 30-40 nm.

Trude hét, cau trac vat liéu dugc xac dinh bang phuong phap nhidu xa tia X. Tiép theo, thanh
phan cac nguyén t6 trong cac vat lieu CeO2:4%Eu®, X%AIF* da dugc xac dinh bang phép do EDX.
Phé d6 EDX cua vt lidu CeO2:4%Eu® va CeO2:4%Eu®, 2%AIF* duoc trinh bay trén Hinh 5.

ull Scale 1561 cts Cursor: 16.379 keV (4 cts) ull Scale 1561 cts Cursor: 16.379 ke (5 cts)

Hinh 5. Gidn d6 EDX ciia cdc mau (a) CeO2:4%Eu* va (b) CeO,:4%Eu, 2%AI3*

Hinh 5 cho thiy c6 sy xuat hién day dii cac nguyén to trong mau vt liéu CeO,:4%Eu®* va
Ce02:4%Eu®, 2%AI%*. Thanh phan tuong dbi cuia cac nguyén t6 trong vat liéu duoc trinh bay ¢
Bang 3. O ddy, ham luong cac nguyén t6 nhe nhu O va Al thudng co sai sb dang ké.

Bang 3. Thanh phan tiwong doi ciia cdc nguyén t6 hé CeO2:4%Eu3* va CeO,:4%Eu*, 2%AIR*

Vit liéu Phin trim sé nguyén tir, % Ti 18 s6 nguyén tir Ce : Eu
0 Al Ce Eu Li thuyét Thuec té
CeO2:4%Eu®* 73,72 25,28 0,99 97:4=2425:1 2553:1

CeO2:4%EU®, 2%AIR 76,29 1,60 21,21 0,89 96:4=24,00:1 23,83:1

Két qua Bang 3 cho thiy ti 1¢ Ce : Eu c¢6 su phi hgp tot v6i thanh phan du kién. Nhu vay, két
qua EDX cung cip thém mot co s¢ xac nhan nguyén to pha tap da di vao thanh phén vat liéu.

Mot yéu t6 quan trong khac cua vat liéu xuc tac ban dan 13 ning lugng vung cam, yéu t6 c6 y
nghia quyét dinh dén budc song hap thu dé kich thich electron 1én vung dan dong thoi tao ra 16
trong dudi ving héa tri. Do vay, pho phan xa khuéch tan UV-Vis mau ran cta vat liéu da duoc
ghi lai (Hinh 6) va ning luong ving cam cua vat liéu (Hinh 7) ciing dugc xac dinh bang phuong
phéap Tauc [2], [3], [5].

1.2 1 1 1 100

104 CeO, 4%Eu™ x%AI" . Ce0, 4%Eu"" x%AI"

0.8 N o %0 .
z | 5 }
a 06 0 S 8
B 5 = 40 pe
g 4 £ a

0.4 [} = 2

8 204 1]
024
04
0o T T T T 15 20 25 30 35 40
300 400 500 600 700 800 v
Budc song, nm e
Hinh 6. Phé UV-Vis cua vat liéu Hinh 7. Nang lwong viing cam cua vt liéu
Ce02:4%EUus*, x%AIF* Ce02:4%EUs™, x%AIR*
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Két qua Hinh 7 cho théy, khi thay dbi ham luong AI¥* pha tap tir 0% dén 8%, d6 rong ving cAm
gin nhu khong thay d6i, déu nhan gia tri gan bang 3,18 eV. Gia tri nay thap hon so v4i ning luong
ving cam cua CeOz:E u3+ la 3,23 eV [5], [14] cho thdy viéc pha tap AI** da 1am giam mot phan
nang lugng ving cam, gitip lam ting x4c suat chuyén doi electron 1én ving dan.

3.3. Khdo sat hogt tinh xdc tac quang
3.3.1. Khdo sdt diéu kién xUc tac

Trong nghién ciru ndy, qua trinh chuyén héa MB duoc khao sat & cac diéu kién: (1) chi chiéu
dén UV, (2) chiéu dén UV va c6 H20; 20 ppm, (3) chiéu anh sang thuong, co xuc tac
CeOy: 4%Eu3+ 4%AP* va c6 H20, 20 ppm, (4) chiéu dén UV, c6 xiic tac CeO2:4%Eu™", 4%AP*
va c6 Hz0; 20 ppm. Hiéu suat chuyén hoa MB theo thoi gian ing véi cac diéu kién thi nghiém
khéc nhau trén dugc trinh bay ¢ Hinh 8a.

100 . L L 1 100 1 I L
" ] 30 ppm H,O
————— 22
—
/(4) 20 ppm H,0,
80+ / 80 4
® /f 2
o o
= / =
@ 604 / @ 60 -]
e / e
< /
2 / “*0':; 10 ppm H,0,
= ’/’ 3
5 40 /, S 404
=2 / 3
2 1 / 7]
2 / 2) 3
T 204 T 20
/ 3
1/
/ )
0 T T T T 0 T T T T T T T
0 30 60 90 120 0 30 60 90 120
Thai gian xuc tac, phat Thei gian xUc tac, phat
Hinh 8a. Hiéu suat chuyén héa MB ¢ cdc diéu kién Hinh 8b. Anh huwong ciia nong do H-O; dén hoat
khao sat khdac nhau tinh xiic téc cia vt liéu CeO2:4%Eu®, 4%AIR*

Két qua Hinh 8a cho thdy, hiéu suit chuyén héa MB chi dat gia tri cao trong diéu kién chiéu
dén UV vao hé xuc tac gdm ca vat liéu CeO2:4%Eu, 4%Al va H,0, 20 ppm. Két qua nay cho
thay vai tro cua su két hop gitra vat liéu xdc tac va H,O; trong viéc chuyén hda MB.

Tiép theo, cac khao sat anh hudng ciia nong do H20; tham gia vao qua trinh chuyén héa MB
trén vat liéu xtic tac da duge thuc hién (Hinh 8b). Két qua Hinh 8b cho thiy, khi ndng d6 H,0: la
10 ppm thi hiéu suit chuyén héa MB thap. Hiéu suét chuyen hoa tang manh va khac bi¢t khong
nhiéu khi nong d6 H202 1a 20 ppm va 30 ppm. Do viy, dé vira dam bao hiéu suit chuyén MB
cao, vira tiét kiém héa chat, ndng d6 H,0; 1a 20 ppm dugc chon dé thuc hién céc khao sat tiép.

3.3.2. Khao sat hoat tinh xic tac hé vdt liéu CeO2:4%Eu®*, x%AR* ¢ mat H,0, 20 ppm

Hoat tinh x(c tac quang cua hé vat lieu CeO,: 4%Eu®t, x% AP (x = 0, 2, 4, 6, 8) Vdi su
chuyén hoa phim nhuém MB di duoc khao sat (Hinh 9). Két qua Hinh 9 cho thiy, cac mau vat
liéu déu dat hiéu suat chuyén héa MB cao va khéc nhau khdng nhiéu, dat trén 92% ngay sau 30
phat va dat trén 98% sau 90 phdt chiéu dén UV. So sanh voi [5], hé vat lieu CeO2:4%Eu*,
X%AI%* van c6 kha ning chuyén héa gan nhu hoan toan pham nhudm trong khi giam duoc ham
lwong Eu®* xubng 4% két hop vai pha tap thém AI%*.

Co ché cua qua trinh xuc tic quang trén vat liéu ban dan CeO24%EU®, X%AIR* khi c6 mit
H>0; dugc giai thich nhu sau [3]:

Khi chiéu dén UV, electron trong ving hoda tri (valence band, VB) hép thu anh sang, thuc hién
bude chuyén 1én ving dan (conduction band, CB), trd thanh electron trén ving din (e cs), dong
thoi tao ra 16 tréng dwong dudi ving héa tri (h*ve):
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[CeO2:4%EU**, X%AI**] + hv — e+ h'vs
Sau d6, cac electron va 13 tréng nay phan tng véi cac phéan tir hydrogen peroxide, tao thanh
cac goc tr do HOe ¢6 tinh oxi hoa manh:
ecg + HO, »> «OH + OH
O day, H,0; c6 vai tro triét tiéu electron ving dan (twong ty AgNO; [5]), 1am tang 16 tréng trén
bé mat hat vat liéu xuc tac dé phan ung v6i ion OH" va phén tir nude co san trong moi trudong, 1am
tang s6 luong gbc hydroxyl tu do:
h*vg + OH — «OH
h*vg + HO —» «OH + H*
Tiép d6, cac goc tr do HOe s& oxi hoa phan tir MB thanh cac san pham trung gian va cudbi
cling tao thanh cac chat vo co don gian.
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Thdi gian xuc tac, phat
Hinh 9. Hoat tinh xiic tdc ciia vdt liéu CeO2:4%EU3*, x%AI.

4. Két luan

Trong nghién ctiu ndy, hé vat liéu nano CeO2:4%Eu3*, xX%AI* di duoc tong hop thanh cong
bang phuong phap @t chay. Cac vat lidu thu duoc déu don pha fluorite, cac hat c6 dang hinh cau,
kich thudc trung binh khoang 30-40 nm.

Céc vat lidu CeO2:4%EU®, xX%AIR* déu c6 kha ning xuc tac chuyén héa pham nhuém MB tét
khi 6 mat H,0,. Hiéu suat chuyén héa MB cua céc vat liéu xtc tac déu dat trén 98% sau 90 phut
chiéu sang bang dén UV. Két qua nay chi ra kha ning thay thé mot phan Eu®* bang AI** trén nén
vat liéu CeO, dé giam gia thanh vat liéu xuc tac.

L&i cam on
Cong trinh nay dugc tai trg boi DE tai Khoa hoc va Cong nghé cap Bo thyc hién tir ndm 2021
véi ma s6 B2021-TNA-14.
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