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NGHIEN CUU SU TRUYEN NANG LUQNG GIUA Ce* VA Tb* TRONG
VAT LIEU NEN BaAlLOs
A STUDY ON THE ENERGY TRANSFER BETWEEN Ce** AND Tb** IN BaAl,04
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2Vién Nghién ciru va Phat trien Cong nghé cao — Truong Pai hoc Duy Tan

Tém tat - Vat liéu BaAl,O,: x%Th,O7; y%CeO, (x =0va 1,y =0
+ 2) dwoc tdng hop béng phwong phap phan tng pha ran. Cau
trdc tinh thé va cac dic trung quang hoc clia cac vat liéu dwoc
nghién ctru bang cac phép do nhiéu xa tia X, kinh hién vi dién tc
quét, phd tan xa nang lwong tia X va quang phat quang. T phd
kich thich chung ta thay rang bwoc song 315 nm la téi wu dé lam
bwéc song kich thich. Phd phat quang cla cac vat liéu trong
khoang bwéc séng tir ~350 nm dén ~430 nm cla Ce® va céc
dinh tai cac bwéc séng 489 nm, 543 nm va 586 nm Ian lwot (ing
VGi céc chuyén doi dién t& °D, — ’F, (j = 6,5,4) cla Tb*. Khi tang
ndng do pha tap clia CeO, trong khi git¥ nguyén ndng d6 Tbh,O
thi cuong do phat quang clia Tb3* tang trong khi cwong do phat
quang cua Ce® giam. Piéu nay chieng t6 co sw truyén ning
lwgng tlr Ce® sang Th*. Hiéu suét truyén nang lwong dat tdi
71,57% rng v&i mau S3.

Tir khéa - Phat quang; truyén nang lwong; ion Tb* va Ce®; nén
Aluminate.

1. Gi6i thi¢u

Trong nhimg nam gin day, nhiéu nd lyc nghién ciru da
huéng toi viée tong hop cac vat liéu aluminate pha tap dét
hiém (RE®) vi chung c6 thé dugc sir dung lam chat lan
quang, chét xuc tac va vat liéu quang hoc nho cac dic tinh
quang hoc, dién tir va hoa hoc doc ddo cua chiung [1]. béi
v6i cac tmg dung lién quan dén kich thich ¢ ving tir ngoai
gan (300 - 400 nm) dé tao ra nhiéu loai man hinh khac
nhau, ion Th®* 1a mot chét kich hoat phi hop, phat ra 4nh
sang xanh trong mang nén aluminate. Tuy nhién, cuong do
cua cac dinh hap thu Tb3 trong vung tr ngoai gan rat yeu
va chidu rong cta chung rat hep do qua trinh chuyén déi
4f — 4f bi cAm. Piéu nay lam giam hiéu suét phat quang khi
kich thich trong vung tir ngoai gan [2-4]. Mot trong cac
cach dé giai quyét van dé trén 1a sir dung ion Ce3* nhu mot
chét tang nhay. Vi Ce® ¢6 dai kich thich manh bat ngudn
tur chuyen tiép 4f — 5d cho phép, c6 thé hap thu anh sang tu
ngoai gan mot cach hiéu qua va chuyén ning luong kich
thich sang Th3*, sau d6 dan dén ting cudng d6 phét xa xanh
cua Tb% [4-7].

Céc ion Ce c6 thé & trang thai hoa tri ba hoac hoa tri
b6n. Chi cé trang thai Ce®* voi mot electron duy nhét & 16p
4f 1a hoat dong quang hoc manh, trong khi Ce** la phat
quang yéu. Khi dugc nung trong méi truong khir (hiém khi)
ion Ce** s& chuyén thanh Ce®, do d6 cai thién sy phat
quang cua Ce [8].

Cho dén nay, viéc ddng pha tap Ce® va Th®* da duoc
nhiéu nha khoa hoc cong bd trén cac tap chi 16n: J. M.
Ogieglo cung cac cong sy da nghién ciru qué trinh truyén
nang lugng giita Ce®* va Tb® trén nén Lu,AlsO12 nhung

Abstract - BaAl,Os: x%Th,O7; y%CeO, (x =0 and 1; y = 0 + 2)
materials are synthesized by the solid phase reaction method. The
structural and optical properties of the phosphors are investigated by
using X-ray powder diffraction, scanning electron microscopy, energy
dispersive  X-ray  spectroscopy and  photoluminescence
measurements. The photoluminescence excitation spectra show that
the wavelength of 315 nm is optimal to excite the luminescence of
Tb* and Ce* in the BaAl,0, material. The photoluminescence
spectra of the materials consist of band located from ~350 nm to
~430 nm of Ce* and a series of peaks at 489 nm, 543 nm, and
586 nm, corresponding to Tb®" electronic transitions of Dy - F;
(i = 6,5,4), respectively. The emission intensity of Tb* is significantly
enhanced and ones of Ce* is reduced when we increase the CeO;
doping concentration and keep the same of Th,O; doping concentration.
These results clearly indicate the energy transfer from Ce** to Th*. The
energy transfer efficiency reaches up to 71,57% for sample S3.

Key words - Photoluminescence; Energy transfer; Th® and Ce®*
ions; Aluminate.

khong dé cép den hiéu suét truyen nang lugng va chi giai
thich dinh tinh vé& qua trinh truyén ning lwong. Cac phép
do quang hoc duoc thyc hién ¢ nhiét do thap [9]. X. Z. Qin
va cOng sy ciing tién hanh nghién ctru qua trinh truyén nang
luong gitra Ce®* va Th3* trén nén NaCaBOs. O day 6ng da
sir dung budce song 347 nm twong tmg véi qué trinh chuyén
db6i 4f -5d cua Ce3* 1am bude song kich thich cho vat liéu
[10]. Ngoai ra, nhom tac gia Z. G. Xia va R. S. Liu da tinh
toan hiéu suét truyén nang luong gitra Ce®* va Th3* trén nén
CaAlz06F 12 90% va str dung budce song 350 nm (phu hop
cho ca Ce®* va Tb** trong nén vat liéu nay) lam budc song
kich thich [11]. Trong tat ca cac nghién clru trén nguoi ta
déu giir nguyén nong d6 Ce®* va thay d6i nong do Tb3*. Di
v6inghién ciru nay nhom tac gia lam ngugc lai, gitt nguyén
ndng d6 Tb* va thay dbi ndng do Ce®*

Trong bai bdo nay, qua trinh truyén ning lugng cta
Ce®* va Tb®* trong mang nén BaAl,O4 dd dugc nghién ctru
mat cach co hé thong thong qua phd nhiéu xa tia X (XRD),
phd kich thich (PLE), phd phat quang (PL), phd tin xa nang
lwong tia X (EDS), hinh thai bé mit (SEM).

2. Thuc nghiém

Vit liéu BaAl,O4 dong pha tap cac ion dt hiém Tb®* va
Ce3* duoc ché tao boi phuwong phép phan tmg pha rin. Hon
hop céc tién chat gdm BaCOs (99,9%), Al,O3 (99,0%),
TbsO7 (99,9%) va CeO;(99,9%) dugc tron theo ti 1& thich
hop (trinh bay chi tiét & Bang 1). Hon hop trén dugc nghién
trdn trong may nghién hang RETSCH MM 400 trong thoi
gian 60 phiit v6i tan s6 15 Hz. Sau d6, hdn hop duoc nung &
nhiét 6 1300°C trong 2 gid vai tbe do gia nhiét 10°C/1 phut
trong méi truong khir. Khi nung xong, hdn hop dugc nghién
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min va tién hanh thyuc hién cac phép do ¢ nhiét d6 phong dé
nghién ctru sy truyén ning lugng giita Ce3* va Th3*.
Bing 1. Ti [é tién chdt ciia cdc méu
Miu M3 ta chi tiét

SO 1BaCO0s3:1Al203

S1 1BaC03:1A1203:0,01ThsO7

S2 | 1BaCOs:1Al0s3: 0,005Ce02

S3 1BaCO03:1Al203:0,01Th407:0,005Ce02

S4 1BaC03:1Al1203:0,01Th407:0,010Ce0>

S5 1BaCO03:1Al203:0,01Th407:0,015Ce02

S6 1BaC03:1Al1203:0,01Th407:0,020Ce0>
Céu trac tinh thé cta céc vat liéu duge nghién ctru bé'mg
phuong phép nhiéu xa tia X (XRD) trén mdy nhiéu xa
D8-Advance Eco ciia hiang Bruker st dung ngudn phat xa
Cu-K, (A=1,54056 A). Hinh thai hoc bé mit va thanh phan
hoa hoc ctia vt liéu duoc nghién ciru bang kinh hién vi
dién tir quét (SEM) va phd tan xa niang luong tia X (EDS)
trén thiét bi JSM-1T200 ctia hang JEOL. Cac tinh chat phat
quang cua vat liéu dwoc nghién ciru thong qua cac phd phat
quang (PL) va phd kich thich (PLE) thu dwoc tir may
FL3-22 cua hing Horiba. Cac phép do déu dugc do va thuc
hién tai cac phong thi nghiém thudc Trung tam Tinh toan
hiéu nang cao va Khoa hoc véat li¢u cia Khoa Vit li,
Truong Pai hoc Su pham — Dai hoc Pa Nang.

3. Két qua va thao luin
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Hinh 1. Gidn d@é nhiéu xa tia X ciia cdc mau

Gian dd nhidu xa tia X cia ,céc mau da du'cht(z)ng hqp
va dugc mo ta trong H:Inh 1. Tat ca cac dinh nhiéu xa déu
phu hop véi theé chuan PDF 00-017-0306 cua vét liéu
BaAl;04, mét so dinh dic trung nhu 19,619 28,28°: 34,31°
lan luwot thudc cac mat (200); (202); (220).

Két ql}é thu dugc cho th?iy, tht ca cé’c vat lidu déu don
pha, c6 cau triac luc giac thuc nhom doi xiung P6322 véi
céc hang s6 mang a ~ 10,4204, ¢ ~ 8,780A. Ngoai ra, kich
thudce tinh thé trung binh D cua vat li¢u cling dugc xac dinh
dya trén d6 ban rong (FWHM) cua céc dinh 19,61°; 28,28,
34,31°% va st dung phuong trinh Scherrer [12]:

D = 0,9/Bcosb

Véi, A = 1,54056 A 1a budc song cuia tia X; p va 6 lan

Iuot 1a FWHM va vi tri dinh twong ung.

Bing 2. Kich thude tinh thé ciia cdc vét liéu duoc tong hop

(don vi: nm)
Miu Cic mat mang T(ung
200 202 220 binh
S1 158 163 160 160,33
S2 155 157 166 159,33
S3 161 157 166 161,33
S4 161 161 166 162,67
S5 158 157 166 160,33
S6 144 152 157 151

Tir s6 liéu & Bang 2 cho théy, kich thuéc tinh thé trung
binh nam trong khodng tir 150 dén 160 nm.

Hinh 2. Anh chup kinh hién vi di¢n ti quét (SEM)
(a): mau S0; (b): mau S6

Céc Hinh 2a va 2b m6 ta két qua chup anh kinh hién vi
dién tir quét (SEM) ctia mau SO va mau S6. Cac hinh anh
SEM phan anh sy khong dong nhat vé hinh dang va kich
thudc cla cac hat trong céc vt liéu da téng hop. Cac Kkét
qua SEM cuiing véi kich thudc tinh thé trung binh da chi ra
rang tat ca vat liéu dugc tong hop déu ¢ dang da tinh thé
khéi. Hon nita, hinh anh SEM cua ca mau SO va S6 déu
tuong dong. Piéu nay chimg to viéc pha tap Tb3 va Ce3*
d4 khong thay d6i hinh thai ciia cac hat BaAl,Oa.

Hinh 3 mé ta phd tan xa ning luong tia X (EDS) ctia
mau S6. Tir phan tich EDS, ta thdy sy xuat hién cia cac
nguyén té Ba, Al, O. Ti 1¢ Ba:Al:O xap xi 1:2:4 ding véi
dinh dang BaAl,04 ctia vat liéu da dugc ché tao. Hon nita,
cac dinh cia cac nguyén té Tb, Ce ciing dugc phat hién.
Két qua phan tich EDS chi ra d6 tinh khiét cua vat liéu dugc
tong hop.
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Hinh 3. Phé ndng liwong tan xa tia X (EDS) ciia mdau S6

Pho PLE cuia Tb®* va Ce®* trong nén BaAl,04 dugc md
ta trong Hinh 4. Phd PLE ciia Tb% tai budc séng phat
quang 543 nm bao gdm mat loat cac dinh tai cac budc song
315 nm, 340 nm, 352 nm, 369 nm, 377 nm va 485 nm, lan
luot twong tmg véi cac chuyén doi dién tir tir “Fe 1én 5Dy,
5L, 5Dy, °Lig, °D3 va °D4 [13]. Trong khi d6, phd PLE cua
Ce® gdm 2 dam rong véi dinh tai cac budc song 280 va
315 nm thudc chuyén tiép 41 — 5d* [14]. Tir cdc phd PLE
trong Hinh 4, ta thdy budc song 315 nm 14 t6i wu nhat dé
kich thich sy phat quang cho vat liéu BaAl,04 dong pha tap
Th%; Ce®. Viéc lam trén d3 duoc nhom tac gia Z. G. Xia
va R. S. Liu thyc hién trong nghién clru cua minh [11].
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Hinh 4. Phé kich thich hupnh quang ciia méu SI va S2
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Hinh 5 m ta phd phat xa huynh quang ciia cic mau
dugc ché tao dudi sy kich thich ciia bude song 315 nm. Phd
phat quang cua cac vat liéu bao gdm mot dam rong trong
khoang tir ~350 nm dén ~430 nm cta Ce®* va céac dinh tai
489 nm, 543 nm va 586 nm lan lugt (mg véi cac chuyén

doi dién tir °Ds— 7Fj (j = 6, 5, 4) ctia Tb3* [13-15]. Cuodng
d6 phat xa ciia ion Tb®* trong miu dong pha tap (S3 dén
S6) tang 1én déng ké so v6i mau don pha tap khi ¢6 cling
n6ng d6 (S1). Nguoc lai, cuong do blic xa dic trung cta
ion Ce® trong mau dong pha tap (S3) lai giam dang ké so
v6i mau BaAl,04: Ce* ¢ cliing ndng d6 (S2). Dic biét khi
tiép tuc ting nong do ciia Ce®*, cuong do phat quang cia
Th® tang (Hinh 6) trong khi d6 cudng do phit quang cta
Ce®* giam va vi tri birc xa cuc dai ciia ion Ce3* va Th®* déu
dudng nhu khong thay d6i. Két qua nay chimg to co su
truyén nang luong tir Ce®* dén Tb3*,
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Hinh 6. Su phu thugc cuong dé phat quang ciia Th** theo
nong do Ce>*
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Hinh 7a. Phé PLE ciia mau S1 va phé PL ciia mdu S2
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Hinh 7b. Gidn d6 mirc ndng heong ciia Ce®* va Th3*
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Ngoai ra, dé nhin nhan rd hon qué trinh truyén ning
lugng, ta tién hanh chong phd PL cia mau S2 va phd PLE
ctia mau S1 nhu mé ta ¢ Hinh 7a. Tir Hinh 7a ta thdy, phd
PLE ctia Tb% va pho PL clia Ce®* trong vét liéu BaAl,O4 cO
mot ving chong phu 1én nhau trong khoang budc song tir
~ 350 dén ~ 377 nm. Diéu nay chimg to, ngoai viéc duoc
kich thich dé phat quang dudi budc song 315 nm ciia ngudn
dén Xenon, cac ion Tb®* con duoc kich thich boi cac birc xa
¢ budc song nam trong vung tir ~ 350 dén ~ 377 nm do
ion Ce® phét ra. Ngoai ra, nhom tac gia da xay dung gidn
dd cac muc nang lugng cua ion Ce®* va Th* trong vat lidu
BaAl,04 dé giai thich qua trinh truyén niang luong (dwoc
trinh bay ¢ Hinh 7b).
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Hinh 8. Hiéu sudt truyén ning lwong tir Ce®* sang Th3* trong
BaAl20s theo nong dé ion Ce®
Hinh 8 thé hién hiéu suit truyén ning luong tir tim tang
nhay (Ce®) dén tam kich hoat (Tb*") trong cac mau
(S3 — S6). Hiéu suat truyén nang lugng dugc tinh toan theo
phuong trinh [15]:

Trong do, Iy, va I 1a cuong do PL cua tAm tang nhay
(Ce®) khi khong c6 va c6 tdm ting kich hoat (Tb%*). Va
duogc tinh dya trén dién tich cia vung phé phat xa Ce®*
trong phd PL (mau S2 — S6).

Bing 3. Hiéu sudt truyén nang luong gitta Ce®* va Th3*

Mau Iso (a.U) I (a.u) nr (%)
S2 1822190
S3 518049 71,57
S4 644537 64,63
S5 1136380 37,64
S6 834208 54,22

Tir s6 liéu tinh toan chi ra rang, tng véi mau S3 dat gia
tri hiéu suat truyén nang lugng cao nhat 71,57%.

4. Két luan
Viéc dong pha tap ion Ce3* va Th3* vao trong mang nén

BaAl20O, da tang cuong hi¢u suét phat quang ctia ion Th3*
nhd qua trinh truyén niang luong tir ion Ce3* sang Th?*.

Viée truyén niang lugng tir ion Ce®* sang Th3* 1a do phd
PLE ctia Tb% va ph6 PL ciia Ce®* trong vat liéu BaAl,O4
¢6 mot ving chong phii 1én nhau trong khoang budc song
tir ~ 350 dén ~ 377 nm. Cudng do phat quang cua Tb3*
tang trong khi cuong d6 phat quang cua Ce® " giam khi tang
nong d6 Ce®*. DSi v6i mau S3 c6 hidu sudt truyén ning
luong dat 71,57%.
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