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NGHIEN CUU TINH CHAT PHAT QUANG CUA Eu?* VA Dy** TRONG
VAT LIEU NEN ALUMINATE

STUDY ON LUMINESENCE OF Eu?*, Dy** IN THE ALUMINATE
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Toém tat - Vat liéu phat quang BaAl,0,:1,0% Eu®; x% Dy® da
dwoc ché tao thanh céng béng phuong phap phan (ng pha ran.
CAu trac tinh thé va tinh chét phat quang cla cac vat liéu dwoc
nghién ctru béng céac phép do nhiéu xa tia X (XRD) va quang phat
quang. Két qua phan tich XRD cho thay, vat liéu BaAl,O, ché tao
dwoc co cau tric pha luc glac va sy pha tap cla ion Eu*; Dy*"
khong lam thay dbi cAu truc cla vat liéu. Khi dwoc kich thich bang
bwéc séng 350 nm, phd phat quang cla vat liéu cé dang dam
réng voi dinh phd khoang 495 nm (P&c trung cua phat xa Eu?*
twong &ng véi chuyén doi 4f5d — 4f7) va dinh 575 nm cla Dy
(*Foj2 = ®Hiap) v&i cwdng do thap. Méc khac, khi ting néng do
pha tap ion Dy** cwong dé phat quang cla ion Eu?* cling tang
nhwng dang phd gan nhu khong thay déi. Diéu nay chirng td, ion
Eu?* déng vai trd la tam phat quang con ion ddng kich hoat Dy3*
dong vai trd 1a tdm tang nhay.

T khéa - Phat quang; ion Eu? va Dy®; nén Aluminate.

1. Gi6i thi¢u

Céc tinh chat phat quang ctiia nén aluminate kiém thd
pha tap cac ion dat hiém da thu hut nhiéu sy chu y dang ké
tir cac nha khoa hoc. Nén aluminate c6 tinh 6n dinh hoa
hoc cao, ciing nhu ban chat khong doc hai, khong phong xa
va dic biét tao ra nhiéu bay lién quan dén khuyét tat hon
khi ching dugc pha tap voi cac ion dat hiém [1-5].

Tam quang hoc thong thuong 1a mdt ion (kim loai
chuyén tiép hodc dat hiém) hay 1a cac khuyét tat ... Trong
d6, huynh quang tir cac tm dat hiém lamot trong cac hudng
nghién ctru manh va lién tuc do yéu cau vé nguén phat quang
hoc va khuéch dai quang. Pé tang hiéu sudt cua qua trinh
phét quang, ngudi ta tién hanh pha tap dong thoi hai loai tim
quang hoc trong ciing mot mang nén. Trong d6, mot tam
dugc sir dung lam tdm tang nhay cho tdm phat quang chinh
[6]. Ngoai ra, bang viéc diéu chinh ndng do cua cic tim
quang hoc va thanh phé‘m nén, ching ta s& diéu chinh duoc ti
1¢ gifra cac dai quang phd va do d6 co thé tao ra cac vat liéu
phét quang c6 mau sic nhu mong muén [7, 8].

Do su phat xa dai rong nén cac ion Eu?*, Mn?* va Ce®*
dugc dac biét quan tdm, chung thuong duoc st dung dé
tang nhay cho cac tim dat hiém khac nhu Sm®*, Dy, Eu3*
va Th3* [6]. Mot s tam quang hoc da dugc nghién ctru nhur:
Ce® - Th* [6], Eud*- Sm®* [7], Eu?* - Dy®*[3-5, 9], Eu?"-
Mn?* [10], Ce3* - Eu?*[2, 11].

Véi muc dich tang hiéu suat phat quang cta vét liéu, nhom
tac gia tién hanh ché tao va nghién ctru vat liéu BaAl,Og4: Eu?*;
Dy?*. Bai béo nay trinh bay cac két qua nghién ctru ban dau
vé vt ligu BaALO4EU?; Dy*. Cu thé I céc khao sét v& cau
tric mang nén va dic trung quang phat quang (PL) cua vat
liéu duoc ché tao bang phuong phap phan tng pha ran.

Abstract - Phosphors BaAl,0,:1,0% Eu?; x% Dy* are
synthesized with the solid phase reaction method. The structure
and photoluminescent properties of the phosphors are investigated
using X-ray diffraction (XRD) and photoluminescence (PL)
measurements. XRD analysis results show that, the BaAl,O,4
materials fabricated have a hexagonal phase structure and the
doping of Eu?" ions; Dy** does not change the structure of the
materials. When excited with a wavelength of 350 nm, PL spectra
of material have a wide band form with the peak at about 495 nm
(Characterized by Eu?* emission corresponding to displacement
4f55d — 4f7) and the peak 575 nm of Dy** (*Fg; = ®Hiz) with low
intensity. On the other hand, when increasing the concentration of
doped Dy®* ion, luminescence intensity of Eu?* ion also increases
but the spectra do not change. These results clearly indicate that
the Eu?* ion acts as a luminescence center and doping Dy®" ion
acts as a sentitizer.
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2. Thuc nghiém
Vit li¢u phat quang BaAl,O4 pha tap cac ion d4t hiém

(Eu**; Dy*") dugc ché tao bang phuong phap phéan tmg pha
rin trong moi trudng khir bang than hoat tinh.

Vi céc tién chét gom BaCOs3 (99,9%), Al203 (99,0%),
Eu203 (99,9%) va Dy»03(99,9%) dugc cén theo ti 1€ thich
hop. HsBOs3 sir dung 1am chét chay, véi ti 18 1a 5% khdi
lwong san phadm. Hon hop dugc nghién tron trong may
nghién hang Retsch MM 400 trong thoi gian 45 phut véi
tan s 15 Hz, sau d6 hon hop duoc nung & nhiét d6 1300°C
trong 2 gid va gia nhiét 10°C/1 phut.

Mau thu dugc duoc kiém tra gian d6 pha qua phuong phap
XRD boi nhiéu xa ké Bruker D8-Advance, phd phat quang
(PL) va ph kich thich phat quang (PLE) thyc hién bang phd
ké huynh quang FL3-22 cua hdng Horiba. Cac phép do déu
duoc tién hanh tai phong thi nghiém Khoa hoc vat liéu, Khoa
Vit li, Truong Pai hoc Su pham — Pai hoc Pa Nang.

3. Két qua va thao luin
3.1. Phé nhiéu xa tia X
Két qua phan tich cu tric cho théy, céc,phé) nhiéu xa }uét
hién cac vach dac trung cua BaAl;O4 v6i cau tric tinh thé luc
gi4c c6 cac thdng sb mang: a = 10,488A; ¢ = 8,7904 A.
Ngoai ra, cac dinh nhiéu xa cia BaAl,O4 rat manh tai
cac vi tri c6 goc nhiéu xa 26 bang 19,609° 28,291
31},3160 tuong tng vc’riqcéc mat tinh thé 200, 202, 220. Cac
ket qua phu hop v6i the chuan PDF 00-017-0306 BaAlzO..
Do nong d pha tap nho (mét vai %mol Eu*" va Dy*") vat
ligu BaAl,O4:Eu*"; Dy** giit nguyén cAu trac tinh thé vat
liéu nén BaAl,Os.
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Hinh 1. Phé nhiéu xa tia X ciia cdc vt liéu
3.2. Phé kich thich
D¢ xéc dinh birc xa kich thich phi hop cho vét ligu
BaAl,O4: Eu?*; Dy®* truede hét can tién hanh do pho PLE
cua vat liéu ing véi buc xa phat quang cua Eu?* la 500 nm
[4], Dy®* 1a 575 nm [12]. Két qua phép do duoc biéu dién
trén Hinh 2.
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Hinh 2. Phé PLE ciia BaAl,Os: Eu?* va BaAl2O4: Dy3*

Ta thiy, phd PLE cua ion Eu? 1a mét dai phd rong co
dinh khoang 350 nm (twong tmg véi chuyén doi 4f-5d cua
ion Eu?) & budc song phat xa 500 nm [4]. Phd PLE cua
ion Dy3* gdm cac vach hep dic trung 325 nm, 350 nm,
370 nm, 383 nm, trong d6 dinh 350 nm 13 cao nhét (twrong
l.'l’l’lg voi céac chuyén doi 6H15/2—)6P3/2, 6H15/2—) P71,
®Hi52—>°Psp2, ®*Hise—>*l132) & bude song phat xa 575 nm
[12]. Nhu vay, dé vat liéu BaAl,04: Eu?*; Dy3* phat birc xa
hi€u qua ta st dung budc song kich thich 350 nm. Tu
nhiing phan tich d6, trong cac phép do khao sat pho PL tiép
theo cua vat liéu BaAl,04: Eu?*; Dy3* nhom tac gia déu st
dung budc song kich thich l1a 350 nm.
3.3. Phé phdt quang

Pho PL ctia mau BaAl:O4: EU?* va BaAl:04: Dy**kich
thich bdi birc xa 350 nm dugc trinh bay trén Hinh 3. Pho
PL cia mau BaAl,Os Eu? la mot dai rong c6 dinh &

khoang 500 nm (4f%5d—4f7) dic trung cho chuyén doi ciia
ion Eu?* [4]. Pho PL ctia mau BaAl,O4: Dy3* gdm céc vach
hep dic trung cho chuyén doi cua ion Dy3*: 478 nm
(4F9/2 - 6H15/2) va 575 nm (4F9/2 - 6H13/2) [12].
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Hinh 3. Phé PL ciia BaAlLOs: EU?* (1,0%) va BaAl,O4: Dy3*
(0,5%) kich thich boi birc xa 350 nm
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Hinh 4. Phé PL cua cac vt liéu

Khi thay d6i ndng do ion Dy3+ trong khoang tr 0,5%
dén 2,5% mol va gitr nguyén ndng d6 ion Eu?* 14 1,0% moI
két qua cho thiy:

- Céc phd déu co dang mot dai rong co cyc dai 6 khoang
495 nm (Eu?*), mot pho hep c6 cuc dai & khoang 575 nm
(Dy®*") v6i cudng do thap. Ngoai ra, con xuat hién dinh
613 nm twong ng v6i chuyén doi *Do—'F; clia ion Eu®*
cuong d¢ rat thap.

- Khi ting nong d6 pha tap ion Dy3* thi cuong do phat
quang cua ion Eu?* cling ting nhung dang pho gan nhu
khong thay doi.

Diéu nay chimg t6, ion Eu?* déng vai tro 1a tim phat
quang con ion dong kich hoat Dy®* d6ng vai trd 1a tAm ting
nhay. Co ché cua su tang cuong do nay s€ dugc nghién cuu
trong thoi gian toi.

Hinh 5 biéu dién sy anh hudong cua népg do ion Dy’3+
Ién cuong d6 phét quang cua ion Eu?*. Két qua cho thay
khi ¢6 dong pha tap ion Dy%* thi cudng d6 cua phat quang
cua ion Eu® ting 1én dédng ké. Cudng do phit quang tot
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nhit tmg vai 1,0% Eu?*; 2,0% Dy3* nhung khi tiép tuc ting
nong do ion Dy thi cuong do phat quang cua ion Eu?
giam dang ké. Pay 14 hién tugng dap tit huynh quang do
ting nong d6 ion Dy,
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Hinh 5. Su phu thuéc cuwong do phat quang ctia ion Eu?* (1,0%)
vao noéng do cua ion Dy®*

Hinh 6. Toa dé mau CIE cia céc vt liéu da ché tao

(1): BaAl;,04:1,0% Eu?* (2): BaAl,04:0,5% Dy®*

(3): BaAl,04:1,0% Eu?*;0,5% Dy**

(4): BaAl,04:1,0% Eu?*;1,0% Dy**

(5): BaAl,04:1,0% Eu?*;1,5% Dy**

(6): BaAl,04:1,0% Eu?*;2,0% Dy**

(7): BaAl,04:1,0% Eu?*;2,5% Dy**

Bing vige didu chinh ndng d6 cia cac tim quang hoc
ching ta s€ di¢u chinh duoc ti 1€ gitra cac dai quang pho va do
d6 ¢6 thé tao ra cac vat liéu phat quang ¢ mau sac khac nhau.
4. Két luan

Su phat quang cta vat lidu BaAl,O4: Eu?*; Dy** hinh

thanh boi birc xa cua ion Eu?* do chuyén doi dién tur tir
trang thai kich thich 4f%5d dén trang thai 417 1a chii yéu, bén
canh d6 con xuét hién 2 dinh: 575 nm cua ion Dy3+
(*Forz = ®Hiz) véi cudng do th?ip, 613 nm cua ion Eu®*
(*Do—"F2) véi cuong do rat thip. Khi dong pha tap ion
Dy** cuong d¢ phat quang cta ion Eu** tang 1én dang ké
nhung dang pho gan nhu khong thay d6i. Mau phét quang
cua vat liéu ché tao dugc c6 mau xanh, phu hop cho viée
ché tao cac vat liéu lan quang. Hon nita, viéc dong pha tap
ion Dy3* vao vat liéu BaAl,O,: EU?* 1am tang hiéu suét phat
quang cua ion Eu?*. lon Eu?* d6ng vai tro 1a tim phat quang
chinh con ion ddng kich hoat Dy3* dong vai tro 14 tam ting
nhay. V6i mau BaAl,Os: Eu®; Dy®" (1,0%; 2,0%) co
cuong do phat quang tot nhét.

L1 cdm on: Nghién ctru nay dugc tai trg bdi Quy Phat
trién Khoa hoc va Cong nghé - Pai hoc Pa Ning trong dé
tai c6 ma s6 B2017-DN03-17.
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