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Abstract: In the present paper, CeO2: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 AP* doping in the host lattice. In the
Raman spectra of the samples occurs the vibrational mode F»4, which is a characteristic band of
ceria cubic fluorite lattice. The photoluminescence results revealed that the optimal doping
concentration of Eu3* 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 vt liéu nano CeO2:XEu¥, yAP*
bang phuong phap sol-gel va khao sat tinh chat quang
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Tém tit: Bai bao nay trinh bay vé hé vat liéu nano phat quang CeO2:xEu®*, yAIR* véi cac ham
lugng khac nhau ciia Eu®* (x = 0,02; 0,04 va 0,06) va Al (y = 0,02; 0,04; 0,06 va 0,08). Cac mau
vat liéu da duoc tong hop thanh cong bang phuong phéap sol-gel, dwoc 1 nhiét ¢ 600 °C dé ting
cuong do két tinh. Cau trac cua vat lidu duoc xac dinh bang phwong phap nhidu xa tia X (XRD),
phd tan xa niang luong tia X (EDS), phé Raman, phd hap thu UV-Vis va nghién ciru phd huynh
quang (PL). Két qua trén gian d6 XRD cho thay cac mau déu cé cau trac pha fluorite tinh khiét cla
CeOz, chimg to Eu®* va AI** dugc pha tap thanh cong vao mang nén. Trén pho Raman xuét hién
ché do dao dong Fag, 12 dai dac trung ctia cdu tric fluorite. Trén phd huynh quang, cudong do phat
huynh quang manh nhat & nong d6 Eu®* 1a 0,04. Khi pha tap ion AI** ¢6 sy ting cudong do huynh

quang va dat cyc dai & ndng do ion AI%* béng 0,04.

Tir khéa: CeO2:Eu®*,AI**, phd huynh quang, truyén ning luong, phwong phap sol-gel.

1. Mé dau

Hién nay, di-6t phat quang (light emitting
diodes, LED) duoc st dung rong rai trong nhleu
linh vyc do hi¢u suat phat sang cao, tudi tho
dai, tiét kiém nang lugng, it buc xa nhiét [1].
Do d6, dén LED ¢6 nhiéu vu diém hon so véi
dén soi @6t va dén huynh quang. Péang chd v,
trong linh vuc chiéu sang nong nghiép, viéc st
dung dén LED phat xa mau do cam (590 - 740 nm)
va mau xanh lam (410 - 470 nm), tring v&i hai
ving hip thu cua cdy trong, di thic thdy qua
trinh sinh héa cua cay, gop phan nang cao nang
sut, chat luong nong san va rit ngan thoi gian
thu hoach [2, 3]. Do vy, viéc phat trién cac loai
bot phat quang phat xa ving mau do cam, sur
dung nguon kich thich mau xanh lam, ing dung
cho ché tao dén LED chiéu sang cho ciy trong
dang dugc quan tdm nghién ciru rong rai.

* Tac gia lién hé.
Dia chi email: hainv@hnue.edu.vn
https://doi.org/10.25073/2588-1140/vnunst.5892

Trong sd cac nén nguyén t6 dat hiém,
cerium dioxide (CeO5) 1a vat liéu nén thich hop
cho nhiéu @ng dung quang hoc vi tinh 6n dinh
dn mon, tinh chat vat 1i va héa hoc, do bén hoa
hoc va sinh hoc. CeO: ¢6 ciu trac lap phuong
kiéu fluorite v6i bon nguyén tir cerium va tam
nguyén tir oxygen trong mot 6 don vi [4]. Vat
liéu CeO; pha tap ion europlum (Eu®) da duoc
nghién ctru rong rai vé tinh chat quang hoc do
kha ning tao ra cac dai hip thy va phat quang
manh ving mau do cam. Vi vay, viéc ché tao
hat nano CeO, pha tap Eu®" c6 cuong do phat
quang cao hon ¢ ¥ nghia rat 16n cho cac ung
dung quang hoc. C6 nhiéu cach tiép can dé ting
cuong do phat quang cua hat nano CeO; pha tap
Eu®*, chang han nhu mét sb vat liéu déng pha
tap cac ion ting nhay nhu CeO:Eu®, Bi** [4],
CaWO.Eu®, Li* [5], CeO2:Eu™, Li* [6]. Cac
nghién ciru khac cho thdy, khi pha tap mot
luong A" nhét dinh vao mang nén di cai thién
cuong d6 phat xa bang cach tao ra sy bién dang
nhe cu tric mang nén, vi du nhu céc vat liéu:
(Y, Gd)(V1xPx)O4EU*, AI*F*[7], CaWO4.Eu*,
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Axl3+ [8], C&3SI’3(VO4)4ZEU3+, A|3+ [9], ZFOZZEU3+,
AP [10]. Tuy nhién, theo nhu ching toi biét,
chua ¢6 nhiéu nghién ciru vé hé vat liéu phat
quang CeO; ddng pha tap Eu® va AP,

Trong nghién ciru nay, vat liéu CeO2:Eu®*
dong pha tap AIF* da dugc tong hop thanh cong
bang phuong phap sol-gel. Cudng d6 phat
guang cua vat li€u dugc nghién clru cai thién
thong qua viéc két hop ion AI¥*. lon APF* ¢6 ban
kinh 53,5 pm, nhé hon nhiéu so v&i Ce*
(87 pm), nén c6 thé d& dang chiém cac vi tri xen
k& hoic thay thé trong mang nén, anh hudng
dén tinh d6i xtmg cuc bd xung quanh cac tam
phét quang Eu®*. Diéu nay c6 thé lam giam cac
trung tim ddp tit huynh quang, lam ting cudng
dang ké cuong d6 phat huynh quang cta vat liéu.

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

Cic nguyén liéu ban dau gdm:
CB(NO3)3'6H20, A|(NO3)3'9H20, EU203,
HNOs, NH3; déu c6 do tinh khiét phan tich
(AR). Pau tién, Eu,03 dugc hoa tan trong dung
dich  HNOs; con Ce(NO3);-6H.O0 va
AI(NO3)3-9H,0 duogc hoa tan trong nude cat dé
thu duoc cac dung dich tuong tng la Eu(NO3)s
0 1 M Ce(N03)3 0 2 Mva A|(N03)3 0 1 M.

Qua trinh tong hop vat lidu CeOy: XEu®,
yAPF* theo phuong phép sol-gel duogc tién hanh
theo cac budc nhu sau:

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

Budc 2: nung kho gel & 400 °C trong 4 gid
dé loai bo céc chat hiru co.

Budc 3: nghién san phim trong c6i ma nio
roi & nhiét & 600 °C trong 4 gid, thu dugc vat
liéu CeO2:xEU™*, yAIR*,

2.2. Phuong phadp nghién cuu

Vit liéu tong hop dugce xac dinh cdu truc,

hinh thai va tinh chat quang bang céac phuong

phdp véi may do twong ung nhu sau: gian do
XRD (D8-Advance Bruker, tia X la tia CuKa),

phé DRS (JASCO V-770), anh SEM
(HITACHI S-4800), phé 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 luin
3.1. Khao sat diéu kién tong hop

Trong phuong phap sol-gel, ciu trac tinh
thé va hinh thai vat liéu téng hop phu thudc
manh vao pH cua qua trinh tao gel. Do vay, vat
lidu dd duoc tdng hop & cac gia tri pH =2, 4, 6,
8, sau d6 duoc u nhiét & 600 °C va duoc xac
dinh cdu triic tinh thé bang phuong phap XRD
(Hinh 1a).

20000 =
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J | pH=6 A *
A A
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o u_L A JU\
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Cuang db (a.u)

2 thela (dc)

Hinh la. Gidn d6 XRD vit liéu CeO,:0,04EU** tong
hop bang phurong phap sol-gel ¢ cac pH khac nhau.

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

Bang 1. Kich thude tinh thé trung binh (D) cua vat
liéu Ce02:0,04EU%* & cac pH khéac nhau

pH tong hop
vat liéu

D (nm) 43 64 77 89

2 4 6 8

Bang 1 cho thay, kich thudc tinh thé trung
binh tang khi ting pH, diéu nay phu hop su gia
tang muc d¢ thily phan trong qua trinh tao sol
cua cac ion kim loai.

Tiép d6, ciu triic tinh thé va do két tinh cua
vat liéu chiu cé anh hudng truc tiép cua nhiét



38 N. V. Hai et al. / VNU Journal of Science: Natural Sciences and Technology, Vol. 42, No. 3 (2026) 35-42

d6 4. Do vay, vat li€u sau khi dugc téng hop
bang phuong phap sol-gel tiép tuc dugc G &
nhiét do cao. Két qua xac dinh cau tric tinh thé
phu thudc vao nhiét d6 o 400 °C, 600 °C va
800 °C ¢ pH = 2 dugc trinh bay ¢ Hinh 1b.
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Hinh 1b. Gian dd XRD vat liéu CeO2:0,04Eu3*
& cac nhiét d6 khac nhau.

Két qua Hinh la va Hinh 1b cho thiy cac
vat liéu thu duoc déu don pha va diéu kién ung
v6i cudng d6 nhiéu xa cao nhat & pH=2 1006
nhiét do 600 °C dugc chon dé téng hop vat liéu
ddng pha tap AI** tiép theo.

3.2. Xdc dinh cdu tric, thanh phan va hinh thai
cua vat liéu

3.2.1. Xéc dinh cAu trac, thanh phan vat lidu

Trude hét, cau trac vat liéu dugc xac dinh
béang phuong phép nhiéu xa tia X. Hinh 2a trinh
bay két qua nhiéu xa tia X mau bot ciia vat lidu
dong pha tap A13+ vao CeO: Eu®. Céu truc tinh
thé cac vat liéu tong hop déu tring voi tinh thé
cia 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 twong mg la 28,42°
33,01°% 47,51° 56,33° 59,12°% 69,39° 76,69°va
79,03% c6 su phu hop tt voi cau tric tidu
chudn cia CeOy, khdng quan sat thdy sy xut
hién cac pha khac cua Eu va Al, chiung té cic
ion Eu® va AI** dd dugc pha tap thanh cong
vio mang nén CeOs.

Trén Hinh 2b, gian ¢ XRD phong to trong
khoang goc 20 tir 27° dén 30° cho thiy, cudong
d6 nhidu xa & mit phang (111) coa vat liéu
CeOEu* AP* cao hon so vé&i vat lidu
CeOa: Eu3+, chung to viée dong pha tap da cai
thién dugc do két tinh ctia mau. Hon nira, goc

nhidu xa c6 sy dich chuyén khong dang ké
ching t6 vat lidu dong pha tap khong gy anh
huong déang ké dén tinh ddi xing cuc bd cia
tinh thé mang nén.
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Hinh 2a. Gian d6 XRD cua cac vat liéu
Ce0,:0,04EU%, yAR* (y = 0-0,08).
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Hinh 2b. Gian d6 XRD phoéng to ciia cac vét lidu
CeO2:Eu?* va CeO2Eu®, AR* & mit phang (111).

Dé xac dinh thanh phan ciia cic nguyén to,
phé tan xa nang luong tia X cua vat liéu
Ce02:0,04Eu®, 0,04AF" di duoc ghi lai. Két
qué chi ra trén Hinh 3 cho thiy sy c6 mit day
du cia cac nguyén t6 trong miu vat lidu va
khong 14n tap chat.

o

ok Bos T
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: ; i

Eul 340 110

Tolals | 10000

Eu

Al Ce Eu
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Hinh 3. Phd EDS cua vat liéu
CeOy: 0,04Eu3*, 0,04AI%".
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Hinh 3 cho thiy, ti 1 phin trim nguyén tir
cac nguyén té Ce : Eu gan ding voi ti 1892 :4
nhu thanh phan hop thirc. Cac nguyén t6 con lai
12 O va Al déu 1a nguyén t6 nhe nén két qua
phan tich EDS ¢ sai léch dang ké.

Mot yéu td quan trong anh huéng dén
cuong d6 phat quang cua vat liéu la kha nang
hap thu nang luong kich thich viing tir ngoai dé
truyén cho tdm phat quang. Do vy, phé hap thu
UV-Vis cua céc vat liéu da duoc ghi lai (Hinh 4).

Ce0,:0,04EuU"" yAI™

0.8+

D6 hap thu

200 4{‘]0 84']0 BKI]O 1 dﬂﬂ 12'00 14‘00
Budc séng (nm)
Hinh 4. Phd hip thu UV-Vis va gian d6 Tauc
ctia vat lidu CeO2:0,04EU%, YA,

Hinh 4 cho théy, vat liéu hép thu manh
budc séng & ving tir ngoai va cuong do hip thu
tang khi déng pha tap ion AI**. Pong thoi, bo
hap thy c6 xu huéng chuyén dich sang ving
bude séng dai hon va ning luong ving cam cua
cac vat liu Ce02:0,04Eu™, yAI* déu giam so
voi gia tri 3,2 eV cua nén CeO; [11] va dat gia
tri nho nhat 14 2,82 eV khi y = 0,04.

Dé nghién ctru thém vé anh huong cta dong
pha tap AI**, viéc do phd Raman di duoc tién
hanh (Hinh 5).

1000

800 4

525-528

Cuong d6 (a.u)

T T T T
200 300 400 500 600

S8 séng (cm’")

Hinh 5. Phd Raman cua vat liéu
Ce02:0,04EU%, 0,04AR*,

Trén Hinh 5, phé Raman c6 cac dai chinh &
khoang 463 cm? tuong ung voi ché do dao
dong dién hinh Fo4 cta ceria kiéu mang fluorite
[4]. Mot dai khoang 525-528 cm™ ¢ lién quan
den chd tréng oxygen dugc tao ra trong mang
nén CeO,. Trong khi do, khong quan sat thdy
ché d6 dao dong Raman cua pha EuO3 ¢
khoang 340 cm™ [6]. Két qua nay phu hop tot
v6i nhitng két qua phan tich gian d6 XRD,
khing dinh hé vat lidu 1a hé vat liéu don pha
tinh thé fluorite.

3.2.2. Hinh thai vat liéu

Dé xéc dinh hinh thai va kich thudc hat cia
vat liéu, anh SEM cua vat liéu Ce0,:0,04Eu**,
0,04AI** da duoc ghi lai (Hinh 6).

IMS-NKL 5.0kV 5.0mm x100k SE(M)

Hinh 6. Anh SEM va gian d6 phan bé kich thudc hat
cta vat liéu Ce0,:0,04Eu%, 0,04A1%*,

Két qué trén Hinh 6 cho thiy hinh thai vat
liéu tuong doi két dam, cac hat nano dang cau
véi kich thudc trung binh khoang 32,3 nm.

3.3. Khdo sat tinh chat hupnh quang ciia vit liéu

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

20 =590 nm 330-350

Cuing a9 x40’ (a.u)
Fn,

IS
@
2]

250 300 350 400 450 500
Bude séng (nm)

Hinh 7a. Pho kich thich huynh quang
ciia mau Ce0,:0,04Eu+,
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Tir Hinh 7a c6 thé thiy, dai rong tir 250-300 nm
dugc quy cho dai truyén dién tich (charge
transfer band - CTB) tir 0% dén Ce** ciia mang
nén, dai rong tir 330-350 nm g véi su chong
14p gitra qua trinh chuyén d6i 'Fo — 5G4 cta ion
Eu* va CTB (0*—Ce** va 0?—Eu*"). Dinh
hép thu hep & 465 nm dugc gan cho chuyén déi
'Fo — °D; ctia Eu®* trong mang nén CeO: [4].
Vai tro truyen nang lugng clia mang nén va ion
ddng pha tap dwoc minh hoa & Hinh 7b.

330-350 nm

@ — Oxygen — L6 tréng oxygen
Hinh 7b. Vai tr6 cua mang nén va ion Al®* déng pha
tap dén pho kich thich huynh quang cta vt li¢u
CeOa:Eu’, AP,

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

204

o

Cudng do x 10 (a.u)
=

o

. ,
’ s n, o
‘ :
7 ’(
o fxzooz M A

T T
550 600 650 700

Budc séng (nm)

Hinh 8a. Phd phat xa huynh quang cua vat liéu
CeO2:xEU®* (x = 0,02 - 0,06).

Hinh 8a cho thiy vat liéu Ce02:0,04Eu®* ¢
cuong d6 phat quang manh nhat. Khi ¢ dinh
ham lugng 0,04Eu®, cudong do phat xa huynh
quang cua cac vat liéu phu thugc vao manh vao
ham lugng ion AI** dong pha tap.

Phé phat xa cua vit liéu CeO2:Eu*, AP khi
kich thich ¢ 350 nm dugc trinh bay trén
Hinh 8b. Pho phat xa thé hién hai dinh ¢ budc
song 590 nm va 610 nm tuong tng vGi CAC qua
trinh chuyén déi ludng cuc tir (*Do-'Fi) va
ludng cuc dién (*Do-"F2) cua Eu®*. Qua trinh
chuyén ddi ludng cuc tir *Do-'F1) chiém wu thé
khi ion Eu®* & vi tri ddi xang dao (inversion
symmetry), trong khi qua trinh chuyén dbi
ludng cuc dién (*Do-'F2) manh nhét khi ion
Eu®* & vi tri bat d6i xung dao [4, 8].
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-
g4 Ce0,:0,04EU", yAl
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Hinh 8b. Phd phat xa huynh quang ciia Cac vét lidu
Ce0,:0,04EU%, yAF* (y = 0 - 0,08).

Trén Hinh 8a va Hinh 8b, qué trinh chuyén
d01 ludng cuc tr (590 nm) 13 manh nhit so véi
tat ca cac chuyén doi quan sat duoc. Hién tuong
nay dugc giai thich rd rang dwa trén tinh ddi
xtng moi trudng xung quanh Eu®* theo Ii thuyét
Judd-Ofelt. Trong hé nén CeO,, tinh d6i xing
ciia Eu®* tang 1én khi chiém vi tri d6i xing Op
cia mang fluorite. Piéu ndy cé nghia 1 ion
Eu®* da & vi tri thay thé ion Ce* trong mang
nén, phi hgp voi xac nhan vat liéu don pha tir
két qua XRD va Raman. Hon nita, khi dong pha
tap AI** thi chu yéu chi ¢6 chuyén doi *Do-Fy,
cac chuyén doi khac nhu °Do-"F2, °Do-"F3 va
Do-"F4 déu c6 cudng do thap, chimg to vat licu
¢6 kha nang phat huynh quang véi do tinh khiét
mau cao. Hién twong chuyén doi ludng cuc tir
(*Do-"F1) ¢6 cudng d6 manh nhat ciing quan st
dugc & cac hé vat lieu CeO2:Eu®, Bi** [4] va
CeO2:Eu®, Li* [6]. Hinh 8b ciing chi ra ring,
cuong d¢ phat xa phu thudc vao ham luong pha
tap AI** va dat gia tri cuc dai & ham lugng
0,04AI**. Khi ham lugng AI** cao hon thi
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cuong d6 phat xa giam do hiéu ung dip tat
huynh quang.

Co ché truyén ning luong cua vat liéu
CeO»:Eu®, AI** dugc minh hoa trén so db mirc
nang lugng (Hinh 9).

401

35
Ce4*

30

25

| *\

Eu?*
5D,

cT ™

{

350 nm

1
330 nm

5D,

Néng lwong (10° cm™)
3
1

590 nm
610 nm

I
|

Hinh 9. So d6 mtc nang luong cta qua trinh truyén
dién tich giira dai O% - Ce** va Eu®*.

Dudi sy kich thich & budc song 350 nm,
electron trén dai truyén dién tich (electron
transfer - CT) O% -Ce* s& hép thy tia UV va
duoc kich thich 1én mic Ce*. Qua trinh truyen
dién tich 0% - Ce* 1a cao hon mirc chuyén tiép
4F—4f cua Eu®* va co su truyén ning luong tir
dai truyén dién tich O% - Ce** 1én mirc °Dy cta
Eu®. Nang lugng cua murc °Do ciia Eu®* bi kich
thich s& giam xudng mirc ‘F1 va ‘F2 Va tao ra sy
phat xa dic trung manh ciia Eu®*

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

520

Ce0,: 0,04 Eu'',y AI**
540 | y=000
® y=002

0.8

A y=004
V¥ y=006
0.6 y=0.8
500 580
0.4
620

0.24

Hinh 10. Toa d6 mau CIE cua cac vat liéu phat
quang Ce0,:0,04Eu%*, yAIR*,

Trén Hinh 10, toa 6 mau cia cac mau déng
pha tap AI** thudc vé viing mau cam. Hon nita,
d6 tinh khiét mau cua chat phat quang phat xa
anh sang cam, trong truong hop nay, dugc tinh
bang cong thirc (1) [9]:

Do tinh khiét mau

AN -y e ()

\/(Xd —xi)? +(Ya —¥i)?

Trong do (x, y), (Xq, Ya) Va (xi = 0,3333, yi =
0,3333) lan luot 1a toa d6 mau cua miu nghien
clru, toa do mau cua budc song chiém uu thé va
toa d6 mau cia nguon sang trang

Do tinh khiét mau cia cac chit phat quang
Ce0,:0,04Eu®, yAP* duoc hién thi trong Bang 2.
Khi dong pha tap AI**, do tinh khiét mau cua
cac chit phat quang ting lén va dat gia tri 1on
nhét ~92% ung véi cac vat liéu Ce0,:0,04Eu*,
0,02A1F" va Ce0,:0,04Eu®, 0,04AP*. Gia tri
ndy thdp hon so v&i gia tri 96,7% cia hé
CaW04:0,20Eu®*, 0,08AI*" [8] va cao gia tri
91% cua hé Ca38r3(VO4)4:0,05Eu3+, 0,06A|3+,
0,12K* [9].

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

Bang 2. Toa d§ mau CIE, d¢ tinh khiét cua mau va
gia tri CCT cuia cac mau nghién ctru

bo tiph
Ce0,:0,04Eu%, Toa do khiét | CCT
yAIR* mau (X, y) mau (K)
(%)
~ (0,55677,
y=0 0.36686) | 880 | 1713
_ (0,56410,
y=0,02 0.38001) | 925 | 1728
_ (0,56516,
y=0,04 0,38319) 92,2 1716
~ (0,51157,
y=0,06 037515 | 734 | 1876
_ (0,52220,
y=0,08 037803 | 774 | 1835
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Cac gia tri CCT ¢ Béang 2 c6 xu hudng tang
tir 1713 K 1én 1835 K khi ham Iugng dong pha
tap A" tir 0 — 0,08. Nhing két qua nay chi ra
rang bot phat quang CeO::0,04Eu, yAl*" c6
tiém ning ung dung 1am chit phat quang mau
cam ctua LED.

4. Két luan

Cac chit phat quang mau dé cam
CeOzxEu*, yAF* da dugc téng hop béng
phuong phap sol-gel. Két qua XRD cua tat ca
cac mau déu phu hop vdi cau trac fluorite cua
CeO; tinh khiét. Cac mau vat liéu dugc kich
thich hiéu qua biang blic xa tr ngoai gin
(350 nm), cho thiy budc song kich thich rat phu
hop v6i den LED tir ngoai gin InGaN hién
dang dugc st dung. Phé huynh quang cho thay
rang phat xa t6i uu xdy ra ¢ ham luong
0,04EU%* va 0,04AI%*. Phd phat xa xuit hién cac
dinh & 590 nm va 610 nm tng véi cac chuyén
doi *Do— F1 va *Do— 'F,. Cuodng do phat xa
manh nhat tng voi chuyén dich ludng cuc tir
SDy— 'F; trong khi su chuyén dich ludng cuc
dién *Do— ‘F, c6 cuong do thép. Do dic tinh
trén, cic chat phat quang nano CeO:xEu®*
yAIP* ¢6 tiém ning ing dung lam chat phat mau
cam cho dén LED chiéu sang nong nghiép va
cac thiét bi quang dién tir khac.

Loi cam on

Nghién cru nay dugc hoan thanh trong
khuf)p kho deé tai caa BO Giao duc va DPao tao,
ma s0: B2023-SPH-06.
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