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Tém tat: Vat liéu phat quang Sr2AL:SiO7 (SAS) pha tap ion dat hi€ém Eu c6 cdu tric pha t
giac da duoc ché tao thanh cong bang phuong phdp phan tng pha ran véi nhiét d6 nung
thiéu két 1250°C, thoi gian nung 120 phat, ham lugng chat chay B20s @ %wt). PhG phat
quang (PL) cua vat liéu Sr2ALSiO7 pha tap Eu? c¢6 dang dai rong, cuc dai & 513nm. Trong
khi d6, phd PL cta vat liéu Sr2Al2SiO7 pha tap Eu** géom céc vach hep, tng véi cuc dai buic xa
0 bude séng 590 nm va 619 nm. Vai tro tdm kich hoat ctia ion Eu trong mang nén phu thudc
vao diéu kién cong nghé ché tao. Anh huéng ctia cong nghé ché tao va dic trung quang phd
cta vat liéu nay duoc trinh bay va thao luan.

Tt khéa: Vat liéu phat quang, Sr2AL:SiO7, Europium.
1 Moé dau

Nhiéu nam gan day, vat liéu phat quang trén nén aluminate kiém tho pha tap cac nguyén
to dat hiém nhw SrAlOs: Eu?, Dy%; CaAl20s: Eu?, Nd* va BaAl:Os: Eu?, Dy* da duoc ché tao
va nghién cttu rong rai [1-4]. Gan day, vat liéu lan quang dai trén nén silicate alumino kiém tho
(Sr, Ca)2AlS107 da duoc cac nha khoa hoc quan tam nghién cttu [5-12]. Silicate alumino kiém
tho ¢6 tinh 6n dinh hda hoc cao va kha nang chiu nuwdc t6t hon nhiéu so véi vat liéu phéat quang
trén nén sunfua va aluminate nén thich hop lam mang nén caa vat liéu phat quang. Ngoai ra,
cac vat liéu 1an quang trén nén silicate phét birc xa ¢é d6 chdi cao va lan quang dai hon cac vat
liéu trude d6 [12]. Do d6, vat liéu phat quang trén nén silicate alumino kiém thé (Sr, Ca)2A12Si07
pha tap duoc xem nhu 1a mét trong nhiing vat liéu day htra hen va da thu hat nhiéu sy quan

tam cuia cac nha khoa hoc, tré thanh mot chu dé hap dan trong linh viec vat liéu phat quang.

Trong xu huwdng phat trién cta cac vat liéu phat quang néi chung, nhiéu nhém nghién
ctru trong nude va trén thé gidi da va dang quan tam tim kiém cong nghé ché tao vat liéu phat
quang don gian ma tiét kiém chi phi nhat. Trong cac cong trinh nghién ctru gan day, vat liéu
phét quang da dugc ché tao bang nhiéu phuong phap khac nhau nhu: phuong phap dong két
ttia, phuong phap sol-gel, phuwong phép phan tng pha ran, phuong phap nd,... Mdi phuong
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phép déu cé nhitng vu va nhuoc diém [2, 6,10]. Bao cdo nay trinh bay quy trinh cong nghé va
tinh chdt quang cua vat liéu phat quang Sr2AL:SiO7 (SAS) pha tap ion Europium duoc ché tao
bang phuong phap phan ting pha ran nung trong moi truong khit va khong khi.

2 Thuc nghiém

Vit liéu phat quang SAS pha tap ion Europium dwoc ché tao bang phuong phap phan
ting pha ran trong moi truong khong khi hodc trong méi truong khir khi CO. Céc phdi liéu ban
dau gom: SrCOs (99,99%), Al203(99%), Si02(99,9%), Euz0s(99,99%), B205(99%) duoc can theo ty
1¢ hop thtrc. Phéi liéu dugc nghién tron bang c¢5i ma nao trong thoi gian 2 gid, sau d6 hon hop

duoc nung thiéu két ¢ cac nhiét d9, thoi gian, ham lwong chat chay khac nhau.

Gian d6 nhiéu xa tia X ctia vét liéu duoc ghi trén may XRD D8 ADVANDCE, Brucker (Dtic).
Phé phat quang (PL) va phd kich thich phat quang (PLE) thuc hién bang phd k& huynh quang FL3-
22 ctia hang Horiba Jobin Yvon, Hoa Ky.

3 K&t qua va thio luan

3.1 Anh huéng ctia nhiét d6 nung thiéu két dén ciu tric caa vat liéu SAS: Eu

Cong nghé ché tao vat liéu chiu anh hwong boi nhiéu thong s6 nhu: Nhiét dd nung, thoi
gian nung va ham luong chat chay,... D€ khao sat anh huong ctia nhiét d¢ dén cdu trtic cua vat
liéu SAS: Eu, thoi gian nung la 2 gio va ham luong chat chay B20s la 4%wt san pham duoc chon
khong d6i. Cau truc cua vat liéu duoc khao sat ¢ cac nhiét do nung thiéu két khac nhau, lan
lwot 1a: 1120, 1150, 1180, 1210 va 1250°C. Gian d6 nhiéu xa tia X cta vat liéu SAS: Eu & nhiét d6
nung thiéu két khac nhau trong khong khi dwoc biéu dién & hinh 1. Error! Reference source not
found.
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Hinh 1. Gian d6 XRD cuia SAS: Eu (0,25 %mol), nung & cac nhiét d6 khac nhau

Két qua nhiéu xa trén hinh 1 cho thdy, vat liéu duoc ché tao & cac nhiét do nung thiéu két
nay déu hinh thanh cha yéu pha Sr2AL:SiO7 mong muén. Tuy nhién, khi nung thiéu két véi cac
nhiét do tir 1120 dén 1210°C, bén canh pha Sr2Al2SiO7 cau tric t gidc voi ti phan khé 16n, vat
liéu con ton tai pha SrAl2Os va pha SrSiOs véi ti phan bé, khi nhiét do tang 1én thi ti phan 2 pha
SrAl:Os va SrSiOs giam. O nhiét do nung thiéu két 1250°C, vat liéu chi ton tai Sr2Al:SiO7 cau truc
pha t gidc. Ngoai ra, trén gian d6 nhidu xa khdng xuat hién cic dinh déc trung ctia céc ion dat
hiém. Diéu nay ching to, cac ion dat hiém khi duoc pha tap vao mang nén voi ham lugng bé

khong lam thay d6i cau trtc pha caa vat liéu [2].

3.2 Anh huéng ctia thoi gian nung thiéu két dén cu trac ctia vat liéu SAS: Eu

Sau khi xac dinh dwoc nhiét d6 nung thiéu két t6i wu la 1250°C va ham luwong B20:s la 4
%wt san pham, duoc chon khong d6i, khoang thoi gian nung thiéu két duoc khao sat lan luot
la: 15, 30, 60, 90 va 120 phut. Gian d6 nhiéu xa tia X ctia vat liéu SAS: Eu & cac khoang thoi gian
nung thiéu két khac nhau dwoc bidu dién & hinh 2.

Két qua nhiéu xa tia X trén hinh 2 cho thdy, vat liéu ché tao nung ¢ nhiét d¢ 1250 °C véi
cac khoang thoi gian khac nhau anh hudng rat 1on dén viéc hinh thanh pha cua vat liéu. Vat
liéu nung thiéu két trong thoi gian 15 phat thi pha Sr2ALSiO7 xudt hién véi ti phan rdt bé, khi
tang thoi gian nung mau tir 30 phtt d&én 90 phut thi pha Sr2AL:SiO7 xuat hién véi i phan 1én, tuy
nhién van con ton tai 2 pha khong mong mudn 1a SrAl:Os va pha SrSiOs. Khi mau dwoc nung
v6i thoi gian 120 phat, vat liéu chi t6n tai Sr2ALlSiOr cdu tric pha t¢ gidc ma khong con ton tai
pha SrALOs: va pha SrSiOs. Nhu vay, thoi gian nung thiéu két c6 anh hudng rat 16n dén qua

trinh tao pha cau tric caa vat liéu.
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Hinh 2. Gian d6 XRD ctia SAS: Eu (0,25 %mol), nung véi cac thoi gian khac nhau
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3.3 Anh huéng cta ham lwgng chit chay B20s dén ciu tric cta vat liéu SAS: Eu

Tt hai két qua khao sat trén, nhiét dd nung thiéu két va thoi gian nung twong tng la
1250°C va 120 phut dwoc chon. Anh huéng ctia ham lwong chat chay B:0s dén cau tric cua vat
liéu duwoc khao sat véi ham luong B20s duoc thay doi tir 2 %wt dén 4 %wt. Két qua khao sat
gian d6 nhiéu xa tia X dwoc thé hién trén hinh 3. Cadc mau déu cé cdu trac pha Sr2ALSiOy, trong
gian d6 nhiéu xa khong xuat hién pha ctia cac thanh phan phdi liéu ciing nhw cac tap chat ton
tai trong mang nén. Tuy nhién, véi ham lugng B20s nhd hon 3%wt, trong mau ton tai mot

luong rat nho ctia pha SrALOs. Vat liéu 6 pha t6i wu ting v6i ham luong B20s 1a 4 %wt.
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Hinh 3. Gian d6 XRD ctia SAS: Eu (0,25 %mol), v6i ham lugng chét chay thay déi
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Hinh 4. Gian d6 XRD ctia SAS: Eu (0,25 %mol)

76



jos.hueuni.edu.vn Tap 128, S6 14,2019

Sau khi khao sat anh hudng cta cac yéu t6 nhu: nhiét d¢ nung thiéu két, thoi gian nung,
ham lwong chdt chay B20s. Cong nghé ché tao vat liéu SAS t6i wu da chi ra: mau duoc nung &
nhiét do thiéu két 1a 1250°C, trong thoi gian 120 phut va ham luong chat chay B20s 1a 4%wt. Két
qua khao sat gian do nhiéu xa dwoc bidu dién trén hinh 4, vat liéu thu dwoc cé ciu tric don pha
Sr2ALSiOy, cu tric tinh thé tk gidc c6 cac thong s8 mang: a =b = 7,820004, ¢ = 5,26400A, o = =
v = 90°, véi nhém khong gian P-42im khi so sénh véi gian d& XRD ctia mau chudn, nhuw chi ra
trén hinh 4. Mat khéc, trén gian do nhiéu xa khong xudt hién cac dinh ddc trung cta cac ion dat

hiém cting nhu cac thanh phéan phdi liéu ban dau caa vat liéu.

3.4 Daic trung quang pho ctia vat liéu SAS pha tap Europium

Ion Europium pha vao cac mang nén thuong toi tai ¢ hai trang thai hoa tri la Eu?* hodc
Eu®, phu thudc vao diéu kién cong nghé ché tao, moi treong phan tng trong qud trinh nung
mau. Thong thuong ion Europium nay ton tai trang thai héa tri Eu?* khi mau dwoc nung trong

moi treong khtr va trang thai Eu®* khi mau dwoc nung trong mdi trudng oxy hoda (khong khi).

Hinh 5(a) trinh bay phd phét quang (PL) vat liéu SAS: Eu®* kich thich bang btec xa c6
budc song 365nm. Phé phéat quang ctia SAS: Eu’* bao gom cac vach hep, tuong tng véi qua
trinh chuyén doi tir trang thai kich thich Do vé trang thai co ban 7Fy (J = 0, 1, 2, 3). Btic xa ¢6 cuc
dai & 590nm twong tng voéi chuyén doi ludong cuc tit *Do-"F1 cta ion Eu? va qua trinh chuyén
doi nay hau nhu khong thay doi theo cuong do truong tinh thé. Biic xa 6 619nm twong tng véi
chuyén doi ludng cuc dién *Do-"F2 ctia ion Eu®, chuyén doi nay phu thudc vao sw d6i xting cua
treong tinh thé. Biic xa tai 590nm va 619nm 1a hai bic xa ¢6 cwong d6 manh. Hai dinh btc xa
khac tai 578nm va 655nm cé cuong twong doi yéu, tuwong ting voi cac chuyén doi SDo-7Fo va 5Do-
7Fs ddc trung cua ion Eu® [13]. Trong pho btic xa cua SAS: Eu?* khong quan sat thay dai rong
dic trung ctia ion Eu?. Chiing to rang, khi mau nung trong moi truong khong khi ion Eu t6n tai

0 trang thai hoa tri Eu®.
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Hinh 5. Phd PL ctia mau SAS: Eu (0,25 %mol), kich thich béng bitc xa c6 bude séng 365nm nung trong mdi
treong khong khi (a), nung trong moi trueong khit (b)
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Hinh 5(b) trinh bay pho PL cua vat liéu SAS: Eu?* (0,25 %mol) khi nung trong moi truong
khtr ctia khi CO, kich thich béng bitc xa c6 budc séng 365nm. Phé phat quang cé dang dai rong,
cuc dai btic xa tai budce song 513nm. Pho biic xa dai rdng nay dac trung cho chuyén doi bic xa
cua ion Eu?* trong mang nén do dich chuyén tir trang thdi ¢é cau hinh dién tir 4£65d! dén trang
thai c6 cau hinh dién t 4f7. Pho PL khong xudt hién cac vach hep ddc trung cho cac chuyén doi
5Do-"Fj ctia ion Eu?*. Diéu nay chiing to rang, cac ion Eu* da dugc khit hoan toan thanh ion Eu?*
trong qua trinh ché tao vat liéu va ion Eu?* ddng vai tro 1a tam phat quang trong mang nén SAS
[2,9].

Pho kich thich phéat quang (PLE) ctia SAS: Eu® ting vdi bic xa cb budce séng 619 nm duoc
biéu dién trong hinh 6(a). Pho PLE cua vat liéu phat quang SAS: Eu3* xuat hién mot s6 vach hep
nam trong khoang budc séng tir 330-500 nm duoc gan cho sy chuyén doi kich thich f-f ctia ion
Eu®. Vach c6 ceong d6 manh nhat tai 393 nm, twong tng voi chuyén doi 7Fo—> 5Lecuia ion Eu*.
Céc dinh kich thich yéu khéc tai 325 nm, 361 nm, 381 nm, 412 nm va 463 nm duoc cho 1a qué
trinh chuyén doi noi cdu hinh 4f-4f ctia cac ion Eu® trong mang nén, c6 thé€ duoc gan cho cac
chuyén doi twong tng 7Fo — 5Hs, 7Fo —> 5D4, 7Fo —> 5Ga, 7Fo —> 5Ds, 7Fo — 5D2[13].

Hinh 6(b) trinh bay phd PLE ctia mau SAS: Eu? ting véi bttc xa cé bude séng 513nm diéc
trung cho chuyén doi kich thich cua ion Eu? trong mang nén SAS. Phd PLE trong khoang
280nm dén 460nm goém nhiéu dai rong, dai c6 cuong dé6 manh vdi cue dai 6 320nm. Phé PLE
dai rong la do chuyén doi hdp thu tir trang thai co ban ctia cau hinh dién t& 4f7 (8S72) dén trang
thai kich thich véi cdu hinh dién tw 4{65d! ctia ion Eu?*[1]. PhS PLE ¢6 dang dai rong kéo dai tir
280nm dén 460nm cho thdy vat liéu phat quang nay c6 kha nang hép thu hiéu qua nang luong
btic xa trong vung tir ngoai gan dén biic xa mau xanh. Vat liéu nay c6 thé st dung cho viéc ché
tao LED trang.
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Hinh 6. PhS PLE ctia mau SAS: Eu®, do & biic xa ¢6 bude song 619 nm (a); va mau SAS: Eu?, do & bte xa
cd bude séng 513 nm (b)
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4  Kétluan

Vit liéu phéat quang Sr2A1:SiO7 pha tap ion dat hiém Eu duwoc ché tao bang phuong phap
phan tng pha ran. Két qua khao sat gian d6 nhiéu xa tia X cho thay, vat liéu c¢6 cdu triac don
pha Sr2AL:SiO7 khi nung ¢ nhiét do 1250°C trong thoi gian 120 phut v6i ham luong chat chay la
4%wt. Két qua khao sat pho phat quang cho thdy, trang thai hoa tri ctia ion Europium trong
mang nén phu thudc diéu kién cong nghé. Phd btic xa ctia mau 1a dai rong c6 cyce dai @ khoang
513nm déc trung cho btic xa ctia ion Eu?* khi mau nung trong mdi truong khi CO va c6 dang

cac vach hep déc trung cho bitc xa ctia ion Eu®* khi mau nung trong moi treong khong khi.
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PREPARATION TECHNOLOGY AND LUMINESCENT
PROPERTIES OF EUROPIUM DOPED Sr:Al:SiO7 PHOSPHOR

Do Thanh Tien'?", Nguyen Manh Son?, Le Trung Cang?

1Faculty of Basic Science, University of Agriculture and Forestry, Hue University
2Faculty of Physics, University of Sciences, Hue University
3Vo Nguyen Giap High School, Quang Ngai;

Abstract. Europium doped Sr2AL:SiO7 (SAS) phosphors have tetragonal crystalline structure
that were successfully prepared by solid state reaction method at the optimal condition: sin-
tering temperature 1250°C, annealing time 120 min and content of the flux B2034 %wt. Lu-
minescent spectra of Eu?* ion doped Sr2AL:SiO7 phosphor have a broad band with peak at
513nm. While luminescent spectra of Eu®* ion doped Sr2A1:SiO7 phosphor consist of narrow
lines peaked at about 590nm, 619nm. In the Sr2ALSiOr lattice, Europium ions role the
activation centers that their valence status depends on the technology condition. Influence of
the technology and the spectroscopic properties of the phosphors were presented and dis-
cussed.

Keywords: Phosphor, Sr2Al:SiO7, Europium



