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Abstract: In the present paper, CeO,:xEu®*, yAI** nano phosphors with different concentrations
of Eu®* (x = 0.02, 0.04 and 0.06) and AI®* (y = 0.02, 0.04, 0.06, and 0.08) were investigated. The
as-prepared samples were successfully synthesized by sol-gel method and annealed at 600 °C to
improve crystallinity. These nanoparticles are characterized by X-ray diffraction (XRD), energy-
dispersive  X-ray spectroscopy (EDS), Raman spectroscopy, UV-Vis spectroscopy and
photoluminescence (PL) studies. X-ray diffraction analysis showed that all the samples exhibit a
pure fluorite type of CeO,, indicating success in the Eu®* and AI** doping in the host lattice. In the
Raman spectra of the samples occurs the vibrational mode F,q, which is a characteristic band of
ceria cubic fluorite lattice. The photoluminescence results revealed that the optimal doping
concentration of Eu®* is 0.04 in the CeO, host. Moreover, when AI®** ions co-doped in the host,
there is an enhancement in the luminescence intensities, and the optimal doping concentration of
Al®* is determined to be 0.04.
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‘ Tong hop hé vat liéu nano CeO2:XEU, yAI3+
bang phuong phap sol-gel va khao sat tinh chat quang

Nguyén Vin Hail",

Mai Ha Anh?, Dinh Thi Hién!, Hoang Nhu Van?

YTruong Dai hoc Su pham Ha Néi,13§Xudn Thuy, Cau Gidy, Ha Noi, Viét Nam
2T, ruong Pai hoc Phenikaa, Nguyén Trdc, Duong Ngi, Ha Noi, Viét Nam

Nhén ngay 22 thang 4 ndm 2025
Chinh stra ngay 15 thang 01 nam 2026; Chap nhan dang ngay 20 thang 4 nim 2026

Tém tit: Bai bao nay trinh bay vé h¢ vat lidu nano phat quang CeO2:XEU®, yAIR* véi cac ham
lugng khac nhau cua Eu®* (x = 0,02; 0,04 va 0,06) va AlI** (y = 0,02; 0,04; 0,06 va 0,08). Cac mau
vat liéu di duoc téng hop thanh cong bang phuong phép sol-gel, dugc 1 nhiét & 600 °C dé ting
cuong do két tinh. Cau trac cta vat lidu dugc xac dinh bang phuong phap nhidu xa tia X (XRD),
phé tan xa ning lugng tia X (EDS), phd Raman, phd hap thu UV-Vis va nghién ctru phd huynh
quang (PL). Két qua trén gian d6 XRD cho thdy cac mau déu c6 céu tric pha fluorite tinh khiét cua
Ce02, chimng t6 Eu®* va AP** dugc pha tap thanh cong vao mang nén. Trén phd Raman xuét hién
ché d6 dao dong Fag, 12 dai dac trung ctia cdu tric fluorite. Trén phd huynh quang, cuong do phat
huynh quang manh nhit & ndng d6 Eu3* 1 0,04. Khi pha tap ion AI®* ¢6 sy ting cudng d6 huynh

quang va dat cuc dai & néng do6 ion AI®* béng 0,04.

Tir khéa: CeO2:Eu®* AR, phd huynh quang, truyén ning lugng, phuong phap sol-gel.

1. Mé dau

Hién nay, di-6t phat quang (light emitting
diodes, LED) duoc sir dung rong rii trong nhiéu
linh vuc do hiéu suét phat sang cao, tudi tho
dai, tiét kiém ning lugng, it bic xa nhiét [1].
Do d6, dén LED c¢6 nhiéu vu diém hon so véi
dén soi dot va dén huynh quang. Péang chi v,
trong linh vuc chiéu sang nong nghiép, viéc sir
dung dén LED phat xa mau do cam (590 - 740 nm)
va mau xanh lam (410 - 470 nm), tring v&i hai
vung hép thu cua cdy trong, di thiac thdy quéa
trinh sinh hoa cua cay, gop phan nang cao nang
suét, chat luong néng san va rat ngan thoi gian
thu hoach [2, 3]. Do vay, viéc phat trién cac loai
bot phat quang phat xa ving mau do cam, st
dung ngudn kich thich mau xanh lam, img dyng
cho ché tao dén LED chiéu sang cho cdy trong
dang dugc quan tam nghién ctru rong rai.
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Trong s& ciC nén nguyén t6 dat hiém,
cerium dioxide (CeO;) 1a vt liéu nén thich hop
cho nhiéu tmg dung quang hoc vi tinh 6n dinh
an mon, tinh chat vat 1i va hoa hoc, do bén hoa
hoc va sinh hoc. CeO, ¢ cdu triic 1ap phuong
kiéu fluorite v6i bon nguyén tir cerium va tam
nguyén tir oxygen trong mot 6 don vi [4]. Vat
liéu CeO2 pha tap ion europium (Eu®") da duoc
nghién ciru rong rii vé tinh chit quang hoc do
kha ning tao ra cac dai hap thu va phat quang
manh viung mau do cam. Vi vay, viéc ché tao
hat nano CeO: pha tap Eu®*" ¢6 cuong do phat
quang cao hon ¢ y nghia rit 16n cho cac tng
dung quang hoc. C6 nhiéu cach tiép can dé tang
cuong do phat quang cta hat nano CeO> pha tap
Eu®*, ching han nhu mot s§ vat liéu dong pha
tap cac ion tdng nhay nhu CeO2:Eu®*, Bi®* [4],
CaWO4:Eu®, Li* [5], CeOz:EU®, Li* [6]. Cac
nghién ciru khac cho thdy, khi pha tap mot
luong AI** nhit dinh vao mang nén da cai thién
cuong do phat xa bang cach tao ra sy bién dang
nhe cau tric mang nén, vi du nhu cac vat liéu:
(Y, Gd)(Vl.XPX)O4.Eu3+, AP*[7], CaWO4Eu*,
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AIP*[8], CasSrs(VO.)sEU®, AP [9], ZrO2:Eu®,
Al [10]. Tuy nhién, theo nhu ching t0i biét,
chua c6 nhiéu nghién ctru vé hé vat liéu phéat
quang CeO; dong pha tap Eu®* va A%,

Trong nghién ctru nay, vat liéu CeO,:Eu®*
dong pha tap AI®* da dugc téng hop thanh cong
bang phuong phap sol-gel. Cudng d6 phat
guang cua vat liéu dugc nghién ctru cai thién
thong qua viéc két hop ion A, lon AP* ¢6 béan
kinh 53,5 pm, nhé hon nhiéu so v&i Ce**
(87 pm), nén c6 thé dé dang chiém cac vi tri xen
k& hodc thay thé trong mang nén, anh hudng
dén tinh ddi xtmg cuc bd xung quanh cac tam
phét quang Eu®*. Pidu nay co6 thé lam giam cac
trung tdm dép tit huynh quang, lam ting cudng
dang ké cuong d6 phat huynh quang cuia vat liéu.

2. Thuc nghiém
2.1. Nguyén liéu va phwong phdp tong hop

Cic nguyén litu ban dau gom:
Ce(NOz3)3-6H20,  AI(NO3)3-9H.0,  Euz0s,
HNOsz, NH3; déu c6 do tinh khiét phan tich
(AR). Pau tién, Eu,03 duoc hoa tan trong dung
diCh HNO;, con CE(N03)3-6H20 va
AI(NO3)3-9H,0 dugc hoa tan trong nudc cit dé
thu dugc cac dung dich tuong ting la Eu(NOs)3
0,1 M, Ce(NOs)s 0,2 M va Al(NO3)3 0,1 M.

Qua trinh tong hop vat lidu CeOz:xEU™,
yAl** theo phuong phap sol-gel dugc tién hanh
theo cac budc nhu sau:

Budc 1: tron cac dung dich theo ti 1€ mol cac
ion Ce®": Eu®*: AP* tuong tng 1a (100 - X - y): X:
y. Thém tlep citric acid véi s6 mol bang tong sb
mol céc ion kim loai, diéu chinh pH bang dung
dich NH3 dic, khudy tir & 80 °C cho dén khi
dung dich dic sanh ¢ dang gel.

Budc 2: nung kho gel ¢ 400 °C trong 4 gio
dé loai bo cac chat hitu co.

Budc 3: nghién san pham trong c6i md no
roi 1 nhiét & 600 °C trong 4 gio, thu dugc vat
liéu CeO2:xEU®, yAIR*.

2.2. Phuong phap nghién ciru

Vit lidu tong hop dugc xac dinh céu truc,
hinh thdi va tinh chat quang bang cac phuong
phép v6i may do tuong tmg nhu sau: gian do
XRD (D8-Advance Bruker, tia X la tia CuKa),
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ph6 DRS (JASCO V-770), anh SEM
(HITACHI S-4800), phdé EDS (detector
HORIBA, model 7593-H gin trén hé FESEM
HITACHI S-4800) va phd PL (Nanolog, Horiba
Jobin Yvon, nguén kich thich 1a dén xenon 450
W, A = 250-800 nm).

3. Két qua va thao ludn
3.1. Khao sat diéu kién tong hop

Trong phuong phéap sol—gel cAu trac tinh
thé va hinh thai vat liéu tong hop phu thudc
manh vao pH cia qua trinh tao gel. Do vay, vat
lidu da dugc téng hop & cac gia tri pH = 2, 4, 6,
8, sau do duoc u nhiét & 600 °C va duoc xac
dinh cdu trac tinh thé bang phuong phap XRD
(Hinh 1a).
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Hinh 1a. Gian d6 XRD vat liéu Ce02:0,04Eu* tong
hop bang phuong phép sol-gel ¢ cac pH khac nhau.

Kich thudc tinh thé trung binh cua tinh thé
cac vat liéu dugc xac dinh theo phuong trinh
Scherrer va trinh bay ¢ Bang 1.

Bang 1. Kich thudc tinh thé trung binh (D) cia vat
liéu Ce0,:0,04EU%* & cac pH khac nhau

pHtonghep |5 |y | g |
vat liéu
D (nm) 43 | 64 | 77 | 89

Bang 1 cho thdy, kich thudc tinh thé trung
binh tang khi tang pH, diéu nay pht hop su gia
tang mic do thuy phan trong qua trinh tao sol
cua cac ion kim loai.

Tiép d6, cau trac tinh thé va do két tinh cua
vat liéu chiu c6 anh huong truc tiép cua nhiét
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do u. Do vay, vat liéu sau khi dugc téng hop
bang phuong phap sol-gel t1ep tuc dugc 4 &
nhiét d6 cao. Két qua xac dinh céu truc tinh thé
phu thudc vao nhiét d6 u 400 °C, 600 °C va
800 °C ¢ pH = 2 dugc trinh bay ¢ Hinh 1b.

Hinh 1b. Gian dd XRD vét liéu Ce02:0,04Eu® 1
& cac nhiét do khac nhau.

Két qua Hinh la va Hinh 1b cho thdy cac
vat lidu thu duoc déu don pha va diéu kién tng
véi cuong do nhiéu xa cao nhét & pH=2,u¢
nhiét d6 600 °C dugc chon dé téng hop vat liéu
ddng pha tap AI3* tiép theo.

3.2. Xac dinh cdu tric, thanh phan va hinh thdi
cua vat lieu

3.2.1. Xéc dinh céu trac, thanh phan vat lidu

Trude hét, cau trac vat liéu duoc xac dinh
bang phuong phap nhiéu xa tia X. Hinh 2a trinh
bay két qua nhidu xa tia X miu bot cua vat lidu
dong pha tap AI** vao CeO»:Eu*. Céu triic tinh
thé cac vat liéu tong hop déu trung véi tinh thé
ctia CeO, theo thé chuan JCPDS s 34-0394
[4, 6]. Nhu minh hoa trén Hinh 2a, cac dinh
(111), (200), (220), (311), (222), (400), (331)
va (420) (6 cac goc 260 tuong Gng la 28,42°;
33,01°; 47,51° 56,33°%; 59,12°; 69,39°; 76,69°va
79,03%) c6 sy phu hop tot véi cau trac tiéu
chuan ciia CeO,, khdng quan sat thdy sy xuit
hién cac pha khac cua Eu va Al, chung to cac
ion Eu®" va AI** di duoc pha tap thanh cong
vao mang nén CeOs.

Trén Hinh 2b, gian @ XRD phong to trong
khoang goc 20 tir 27° dén 30° cho thay, cuong
d6 nhidu xa & mat phiang (111) cua vét liéu
CeOxEU" AP cao hon so véi vat liéu
CeO2:Eu*, chimg to viéc dong pha tap da cai
thién dugc do két tinh cua mau. Hon nita, goc

No.... (20...) 1-8

nhidu xa c6 sy dich chuyén khong dang ké
chtng to vat liéu dong pha tap khong gy anh
huong dang ké dén tinh ddi xtimg cuc b cua
tinh thé mang nén.

000

— =L W

Hinh 2a. Gian d6 XRD cua cac vat liéu
Ce0,:0,04Eu®, yAI** (y =0 - 0,08).

Hinh 2b. Gian d6 XRD phong to cua céc vat lidu
CeO2:Eu®* va CeOz:EU®, APP* & mit phiang (111).

Pé xac dinh thanh phan cua cac nguyén tb,
phd tan xa niang luong tia X cua vat liéu
Ce0,:0,04Eu*, 0,04AIF* di dugc ghi lai. Két
qua chi ra trén Hinh 3 cho théy su c6 mat day
da cua cac nguyen tb trong mau vat ligu va
khong 1an tap chat.

\
Eu
Ce
|
\
Cw
|

LA

Hinh 3. Phd EDS cua vat liéu
CeOy: 0,04Eu*, 0,04AI3".
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Hinh 3 cho thay, ti 18 phan trim nguyén tr
céc nguyén to Ce : Eu gan dang véi ti 16 92 : 4
nhu thanh phan hop thirc. Cac nguyén té con lai
1a O va Al déu 13 nguyén t6 nhe nén két qua
phan tich EDS c¢6 sai léch déng ké.

Mot yéu t6 quan trong anh hudng dén
cuong do phat quang cua vat liéu la kha nang
hap thu ning luong kich thich viing tir ngoai dé
truyén cho tdm phét quang. Do vay, pho hap thu
UV-Vis cua cac vat liéu da dugc ghi lai (Hinh 4).

4 hip the

- - Bude ;‘.‘--u r.‘nlv‘nr ) -
Hinh 4. Phd hip thu UV-Vis va gian d6 Tauc
cua vt liéu CeO,:0,04EU%, yAI®*,

Hinh 4 cho thdy, vat liéu hip thu manh
budc soéng & ving tir ngoai va cuong do hip thu
tang khi dong pha tap ion AI**. Pong thoi, bd
hap thu c6 xu hudng chuyén dich sang ving
budc song dai hon va ning luong ving cim cia
cac vat lieu Ce0,:0,04Eu%, yAPR* déu giam so
v6i gid tri 3,2 eV clia nén CeO, [11] va dat gia
trj nho nhit 14 2,82 eV khi y = 0,04.

Dé nghién ctru thém vé anh hudng cia dong
pha tap A, viéc do phd Raman da duoc tién
hanh (Hinh 5).

Cudag B (au|

S50 w0 {om |

Hinh 5. Phd Raman cua vat liéu
Ce0,:0,04EU%*, 0,04Al%".
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Trén Hinh 5, phé Raman c6 cac dai chinh &
khoang 463 cm? tuong tng v&i ché do dao
dong dién hinh Faq cia ceria kiéu mang fluorite
[4]. Mot ddi khoang 525-528 cm™ c0 lién quan
den chd tréng oxygen dugc tao ra trong mang
nén CeO,. Trong khi d6, khong quan sat thdy
ché d6 dao dong Raman cia pha EuyOs &
khoang 340 cm™ [6]. Két qua nay phu hop tot
v6i nhimg két qua phan tich gian d6 XRD,
khang dinh hé vat liéu 1a hé vat liéu don pha
tinh thé fluorite.

3.2.2. Hinh thai vat liéu

Dé xac dinh hinh théi va kich thudc hat ciia
vat liéu, anh SEM cua vat liéu CeO,:0,04Eu*,
0,04AIP* da duoc ghi lai (Hinh 6).

ﬁs 'Jn u.

Hinh 6. Anh SEM va gian d6 phan b kich thuéc hat
cta vat ligu Ce0,:0,04Eu%*, 0,04A1%",

Két qua trén Hinh 6 cho thdy hinh thai vat
liéu tuong doi ket dam, cac hat nano dang cau
v6i kich thude trung binh khoang 32,3 nm.

3.3 Khdo sdt tinh chat huynh quang ciia vt liéu

7Dé khdo sat tim budc song thich hop cho
pho huynh quang, ph6 kich thich huynh quang
cua mau Ce0,:0,04Eu* tai budc séng phat xa
590 nm da duoc ghi lai (Hinh 7a).

» ZH0 330-350

Cutrg 8029 (2w

s ing (nm)

Hinh 7a. Pho kich thich huynh quang
ctia miu Ce0:0,04Eu?".
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Tir Hinh 7a c6 thé thay, dai rong tir 250-300 nm
dugc quy cho dai truyén dién tich (charge
transfer band - CTB) tir O* dén Ce** clia mang
nén, dai rong tir 330-350 nm tmg véi sy chong
lap giita qué trinh chuyén d6i "Fo — 5G4 ctia ion
Eu** va CTB (0*—Ce* va O*—Eu*). Dinh
hép thu hep & 465 nm duoc gan cho chuyén doi
'Fo — °D clia Eu®* trong mang nén CeO: [4].
Vai tro truyén ning luong ctia mang nén va ion
dong pha tap dugc minh hoa & Hinh 7b.

330-350 nm

® — Oxygen — L& tréng oxygen
Hinh 7b. Vai tro ctia mang nén va ion AI3* dong pha
tap dén pho kich thich huynh quang cta vat liéu
CeOz:EU*, AI**,

Hinh 7a cho théy, cuong do hép thu cuc dai
xudt hién trong dai 330-350 nm nén phd phat xa
huynh quang ctia cac mau dugc ghi lai & budc
song kich thich trong dai nay (Hinh 8a).

=350 0m CeO xEu
A

0.0 \
iy Slee o ST WS A
4]
'
F

D

| i

Butde song (nm)

|
'
r
'

Cung 40 x 10" s )

e=0

Hinh 8a. Phé phat xa huynh quang cua vat lidu
CeO:xEu®* (x = 0,02 — 0,06).

Hinh 8a cho thiy vat liéu Ce0,:0,04Eu?* c6
cuong do phat quang manh nhit. Khi ¢é dinh
ham lugng 0,04Eu®*, cuong do phat xa huynh
quang cua cac vat liéu phu thudc vao manh vao
ham luwong ion AI** ddng pha tap.

. (20...) 1-8

Pho phat xa cua vat liéu CeOz:Eu®*, A khi
kich thich & 350 nm dwogc trinh bay trén
Hinh 8b. Pho phat xa thé hién hai dinh & budc
song 590 nm va 610 nm tuong ing vGi Cac qua
trinh chuyén d6i ludng cuc tir (°Do-"F1) va
ludng cyc dién (*Do-"F2) cia Eu®*. Qua trinh
chuyén ddi ludng cuc tir (°Do-"F1) chiém wu thé
khi ion Eu®* ¢ vi tri ddi xing dao (inversion
symmetry), trong khi qua trinh chuyén doi
ludng cuc dién (°Do-’F2) manh nhit khi ion
Eu* & vi tri bat d6i xing déo [4, 8].

Cung 35 x 10" {au)
PR

. v
550 000 00 700
Buie adayg (nm)

Hinh 8b. Phé phat xa huynh quang cua cac vat liéu
Ce02:0,04Eu®, yAIF* (y = 0 —0,08).

Trén Hinh 8a va Hinh 8b, qua trinh chuyén
601 ludng cyc tir (590 nm) 12 manh nhét so voi
tat ca cac chuyen d6i quan sat dugc. Hién tuong
ndy dugc giai thich rd rang dwa trén tinh ddi
ximg mdi truong xung quanh Eu®* theo li thuyét
Judd-Ofelt. Trong hé nén CeO,, tinh ddi ximg
ctia Eu® ting 1én khi chiém vi tri d6i ximg O
cia mang fluorite. Pidu nay c6 nghia 13 ion
Eu®* da & vi tri thay thé ion Ce* trong mang
nén, pht hop véi xac nhan vat liéu don pha tir
két qua XRD va Raman. Hon nita, khi dong pha
tap AI®* thi chu yéu chi c6 chuyén doi °Do-"Fy,
cic chuyén doi khac nhu °Do-"F2, °Do-"F3 va
5Do-"F4 déu c6 cudng do thp, ching to vat lidu
¢6 kha ning phat huynh quang voi do tinh khiét
mau cao. Hién twong chuyén doi ludng cuc tir
(°Do-"F1) ¢6 cudong d6 manh nhat ciing quan st
duge ¢ cdc h¢ vat ligu CeO2:Eu®", Bi** [4] va
CeO2:Eu®, Li* [6]. Hinh 8b cling chi ra ring,
cuong do phat xa phu thudc vao ham lugng pha
tap AI** va dat gia tri cuc dai & ham luong
0,04AIF*. Khi ham luong AI** cao hon thi
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cuong d6 phat xa giam do hi¢u ung dép tt
huynh quang.

Co ché truyén ning luong cuia vat lidu
CeOzEu®, AIF* duoc minh hoa trén so d6 muc
nang lugng (Hinh 9).

40

Eo™

Nang fong ($0° em'}
3
1
(s
r

Hinh 9. So @ mirc nang lwong cua qua trinh truyén
dién tich giita dai O% - Ce** va Eu®'.

Duéi sy kich thich ¢ budc song 350 nm,
electron trén dai truyén dién tich (electron
transfer - CT) O% -Ce** s& hip thy tia UV va
dugc kich thich 1én mirc Ce**. Qua trinh truyén
dién tich O% - Ce* 1a cao hon muc chuyén tiép
Af—4f cia Eu®* va co sy truyén ning luong tir
dai truyén dién tich O% - Ce** 1én mirc °Do cua
Eu®*. Nang lugng ctia mirc °Do cia Eu®* bi kich
thich s& giam xudng muc “F1 va ’F2 VA tao ra sy
phat xa dic trung manh cua Eu®*.

Ngoai ra, toa do mau theo Uy ban chiéu
sang quéc té (Commission Internationale de
I'Eclairage - CIE) cua duoc thé hién trén Hinh
10 dwa trén cac tinh toan tir phd phat xa cuia Cac
vat liéu CeO2:Eu®, AP (Bang 2).

CeOrg M Ee™ .y 1™

§ =

u,w / L

® v
K
v

ll.‘J
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P
§ =
- s

na4
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n2

Hinh 10. Toa d6 mau CIE cua cac vt liéu phat
quang Ce0,:0,04Eu®, yAI**,

Trén Hinh 10, toa d6 mau ctia cac mau déng
pha tap AI** thugc vé ving mau cam. Hon nira,
d6 tinh khiét mau ciia chat phat quang phat xa
anh sang cam, trong truong hop nay, dugc tinh
bang cong thirc (1) [9]:

D6 tinh khiét mau

A=Y e ()

\/(Xd _Xi)2+(yd —Yi)2

Trong do (%, y), (Xq, Ya) Va (xi = 0,3333, yi =
0,3333) lan luot la toa d6 mau ctia mau nghién
cuu, toa d§ mau cua budc song chiém uu thé va
toa d0 mau ciia ngudn sang tring.

Do tinh khiét mau cua cac chat phat quang
Ce0,:0,04Eu®, yAI** duoc hién thi trong Bang
2. Khi dong pha tap AI**, d6 tinh khiét mau cia
cac chat phat quang ting 1én va dat gia tri 16n
nhat ~92% g véi cac vat liu Ce02:0,04Eu®,
0,02AIF" va Ce0,:0,04EU*, 0,04APF*. Gia tri
nay thép hon so véi gia tri 96,7% cua hé
CaW04:0,20Eu®", 0,08AI** [8] va cao gia tri
91% cua hé CasSrs(V0Os)4:0,05EU%, 0,06AI°,
0,12K* [9].

Hon ntta, nhiét d0 mau tuong quan
(correlated color temperature - CCT) cua bot
phat quang di dugc tinh toan dé danh gia ban
chat cuia anh sang phat xa, c6 thé dugc xac dinh
bang phuong trinh cia McCammys [10] va
dugc trinh bay ¢ Bang 2.

Bang 2. Toa ¢ mau CIE, d06 tinh Kkhiét ciia mau va
gia tri CCT cua cac mau nghién ctiru

bo ti’nh
Ce0,:0,04Eu®, Toa do khiet | CCT
yAIRY mau (X, y) mau (K)
(%)
~ (0,55677,
y=0 0.36606) | 880 | 1713
_ (0,56410,
y =0,02 0,38991) 92,5 1728
~ (0,56516,
y = 0,04 0agaig) | 922 | 1716
_ (0,51157,
y =0,06 0,37515) 73,4 1876
~ (0,52220,
y =0,08 Omrgez) | T4 | 1835
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Cac gia tri CCT ¢ Bang 2 c¢6 xu hudng ting
tir 1713 K 1én 1835 K khi ham luong dong pha
tap A tir 0 — 0,08. Nhitng két qua nay chi ra
rang bot phat quang CeO2:0,04Eu™", yAI** c6
tiém nang tng dung 1am chit phat quang mau
cam cua LED.

4. Két ludn

Cic chat phat quang mau do cam
CeO2xEu®, yAP* di duoc tong hop béng
phuong phap sol-gel. Két qua XRD cua tat ca
cac mau déu phu hop voi cau trac fluorite cua
CeO; tinh khiét. Cac mau vat liéu duge kich
thich hiéu qua bang birc xa t& ngoai gan
(350 nm), cho thiy budc séng kich thich rat phu
hop v6i den LED tir ngoai gan InGaN hién
dang dugc su dung. Ph6 huynh quang cho thay
rang phéat xa t6i uu xay ra ¢ ham luong
0,04Eu3* va 0,04Al%*. Pho phét xa xuét hién cac
dinh ¢ 590 nm va 610 nm tng véi cac chuyén
doi °Do— 'F1 va °Do— 'F,. Cuong dd phat xa
manh nhét tng voi chuyén dich ludng cuc tir
SDo— ’Fi trong khi su chuyén dich ludng cuc
dién Do— F2 c6 cudng do thap. Do dic tinh
trén, cac chat phat quang nano CeOzxEu,
yAI¥* ¢6 tiém ning g dung lam chat phat mau
cam cho dén LED chiéu sang nong nghiép va
cac thiét bi quang dién tir khéc.

Lo1i cam on

Nghién ctru nay dugc hoan thanh trong
khqu kho dé tai cia Bo Gido duc va DPao tao,
ma so: B2023-SPH-06.

Tai liéu tham khao

[1] T. Yaba, R. Wangkhem, N. S. Singh, Enhanced
Red Emission from Bi®** Sensitized CaWOQ4:Eu®*
as Red Component for Near UV/blue LED
Pumped White Light Emission, Journal of Alloys
and Compounds, Vol. 843, 2020, pp. 156022,
https://doi.org/10.1016/j.jallcom.2020.156022.

[2] Y. Ma, A. Xu, Z. M. Cheng, Effects of Light
Emitting Diode Lights on Plant Growth,
Development and Traits a Meta-analysis,
Horticultural Plant Journal, Vol. 7, No. 6,
2021, pp. 552-564,

https://doi.org/10.1016/j.hpj.2020.05.007.

. (20..)1-8

[3] X.Zhang, Z. Bian, X. Yuan, X. Chen, C.Lu, A
Review on the Effects of Light-emitting Diode
(LED) Light on the Nutrients of Sprouts and
Microgreens, Trends in Food Science &
Technology, Vol. 99, 2020, pp. 203-216,
https://doi.org/10.1016/j.tifs.2020.02.031.

[4] L. Sun,Y. Tan, D. Li, H. Du, D. Guo, Defects and
Symmetry Influence on Visible Emission of
Bi** Co-doped CeO,: Eu®" phosphor, Optical
Materials, Vol. 100, 2020, pp. 109654,
https://doi.org/10.1016/j.optmat.2020.109654.

[5] D. Kumar, B. P. Singh, M. Srivastava, P. Singh,
A. Srivastava, S. K. Srivastava, Structural and
Photoluminescence Properties of Thermally
Stable Eu®** Activated CaWO,4 Nanophosphor Via
Li* Incorporation, Journal of Luminescence,
Vol. 203, 2018, pp. 507-514,
https://doi.org/10.1016/j.jlumin.2018.06.065.

[6] W. Huang, Y. Tan, D. Li, H. Du, X. Hu, G. Li,
Y. Kuang, M. Li, D. Guo, Improved Photo-
luminescence by Co-doped Lithium in the
Phosphor  System  CeO.:Eu®*, Journal of
Luminescence, Vol. 206, 2019, pp. 432-439,
https://doi.org/10.1016/j.jlumin.2018.10.072.

[7] K. Park, M. H. Heo, H. J. Seo, Improvement in
Photoluminescence Properties of (Y,Gd)(Vi-
«Px)O4:EU®* Phosphors by Doping AlI®*, Electronic
Materials Letters, Vol. 12, No. 2, 2016, pp. 315-322.
https://doi.org/10.1007/s13391-016-5181-7.

[8] S.Bai, Y. Liu, G. Tan, W. Liu, D. Liu, R. Wang,
Y. Zhu, S. Ye, H. Ren, Enhanced Quantum
Efficiency and Thermal Stability in CaWO,:Eu®
Phosphor Based on Structural Modification
Induced by Co-doping AI**, Journal of
Luminescence, Vol. 225,2020, pp. 117351,
https://doi.org/10.1016/j.jlumin.2020.117351.

[9] Y. Wu, M. Chen, K. Qiu, W. Zhang, Q. Tang,
Photoluminescence Enhancement of
CasSr3(VO4)s:Eu®, AP Red-emitting Phosphors
by Charge Compensation, Optics and Laser
Technology, Vol. 118, 2019, pp. 20-27,
https://doi.org/10.1016/j.optlastec.2019.04.032.

[10] S. J. Yoon, J. W. Pi, K. Park, Structural and
Photoluminescence  Properties of  Solution
Combustionprocessed Novel ZrO, Doped with
Eu®* and AI®*, Dyes and Pigments, Vol. 150,
2018, pp. 231-240,
https://doi.org/10.1016/j.dyepig.2017.12.012.

[11] S. N. Matussin, M. H. Harunsani, M. M. Khan,
CeO; and CeOz-based Nanomaterials for
Photocatalytic, Antioxidant and Antimicrobial
Activities, Journal of Rare Earths, Vol. 41, 2023,
pp. 167-181,
https://doi.org/10.1016/j.jre.2022.09.003.


https://www.sciencedirect.com/journal/journal-of-alloys-and-compounds
https://www.sciencedirect.com/journal/journal-of-alloys-and-compounds
https://www.sciencedirect.com/journal/journal-of-alloys-and-compounds/vol/843/suppl/C
https://www.sciencedirect.com/journal/horticultural-plant-journal
https://www.sciencedirect.com/journal/horticultural-plant-journal/vol/7/issue/6
https://www.sciencedirect.com/journal/trends-in-food-science-and-technology
https://www.sciencedirect.com/journal/trends-in-food-science-and-technology
https://www.sciencedirect.com/journal/trends-in-food-science-and-technology/vol/99/suppl/C
https://www.sciencedirect.com/journal/journal-of-luminescence
https://www.sciencedirect.com/journal/journal-of-luminescence/vol/203/suppl/C
https://www.sciencedirect.com/journal/journal-of-luminescence
https://www.sciencedirect.com/journal/journal-of-luminescence
https://www.sciencedirect.com/journal/journal-of-luminescence/vol/206/suppl/C
https://www.sciencedirect.com/journal/journal-of-luminescence
https://www.sciencedirect.com/journal/journal-of-luminescence
https://www.sciencedirect.com/journal/journal-of-luminescence/vol/225/suppl/C
https://doi.org/10.1016/j.optlastec.2019.04.032
https://doi.org/10.1016/j.jre.2022.09.003

