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Tém tat: Trong nghién cru nay, vat liéu phat quang Zn,SiO, pha tap ion Mn?* da dwoc ché tao béng

phuwong phap phan ¢ng pha ran. C4u trdc va tinh chat quang clia chiing dwoc nghién ciru bang phwong
phap nhiéu xa tia X (XRD) va do phd phéat quang (PL). Cac két qud XRD cho thay kich thwéc tinh thé
clia vat liéu phat quang c& vai trdm nanomet. Cac két qua XRD ciing chi ra sw anh hwéng ctia ndng do
ion pha tap Mn2* |én cu trdc tinh thé ca vat liéu nén Zn,SiO,, tir d6 1am thay déi cwdng dd phat quang
clia vat liéu nhw thé hién trong cac két qua do PL. Cac két qua trén cé thé dwoc gidi thich dua trén sy
chénh l&ch vé kich thwéc cla ion pha tap Mn?* va ion Zn? trong vat liéu nén va hién twong dap tat

huynh quang do néng do.

Tir khéa: vat liéu phat quang; Zn,SiO, pha tap Mn?*; cAu tric tinh thé; hing sé mang; kich thwéc hat.

1. Gi&i thiéu

Céc vit liéu phat quang da va dang dugc quan tam
nghién ciru rat nhiéu boi cac nha khoa hoc do kha ning
ng dung cua chang trong nhiéu linh vyc nhu laser,
dan séng, ki thuat chiéu sang, hién thi, trang tri... Dic
biét, trong ki thuét chiéu sang va hién thi, vat liéu phét
quang déng vai trd quan trong trong viéc ché tao cac
loai dén huynh quang, dén LED, d6 la céac loai dén co
hiéu suat cao, tiét kiém nang lwong va it gay ra nguy
hai cho méi truong.

Vit liéu phat quang Zn,SiO4 pha tap Mn?* da dugc
quan tdm nghién cu tir rat sém. Nam 1994, tac gia C.
Barthou va cc cong su da nghién cru sy anh huong cua
nong do ion pha tap Mn?* Ién tinh chat quang cua
Zn,Si0, pha tap Mn?* [1]. Sau d6 ciing c6 nhiéu nghién
ciu vé nhom vat ligu nay [2-7]. Tuy nhién, nhiing
nghién ctu ndy chi yéu tap trung vao viéc nghién cuu
cong nghé ché tao vat liéu phat quang Zn,SiO4 pha tap
Mn?* va khao sét sy anh huéng cua ndng do ion pha tap
Mn?* |én tinh chét quang caa vat liéu nay. Trong nghién
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ctru nay, nhom tac gia khao sat nhiing thay doi trong
c4u triic tinh thé va tinh chit phat quang cua vat lidu nén
Zn,SiOy4 khi thay d6i ndng do pha tap Mn2* bang cac
phuong phap do nhidu xa tia X (XRD) va do phd phét
quang (PL). Tir d6, nhom tac gia nghién ctiru méi lién hé
giita cdu trc tinh thé va tinh chat quang cua vat liéu
phat quang Zn,SiO,4 pha tap Mn2*.

2. Thwec nghiém

Céc mau vat liu Zn,SiOs duoc ché tao tir cac tién
chit ZnO, SiO; va H3BOs. Oxit MnO, dugc pha vio cling
Vv6i cc tién chat véi cac thanh phan phan trim mol khéac
nhau. Hon hop dugc nghién va tron déu trong vai gio
truge khi duge nung & nhiét d6 1200°C trong 2 gio. Cac
mAu vt lidu sau khi ché tao duoc ki hiéu nhu Bang 1.

Bdng 1. Cac mau vt liéu Zn,SiO4 pha tap Mn** duoc

ché tao
Ki higu % Mn?* | Ki hi¢u % Mn?*
S1 0,5 S6 3,0
S2 1,0 S7 35
S3 15 S8 4,0
S4 2,0 S9 4,5
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S5 2,5
Céu trac tinh thé va tinh chat phat quang cua cac
mau vat liéu duoc khao sat thong qua cc phép do XRD
va PL tai phong thi nghiém Khoa hoc Vét liéu cua Khoa
Vat li, Truong Pai hoc Su pham - Pai hoc Pa Nang.

3. Két qua va thao luan
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Hinh 1. Két qud do XRD cuia cac Vit liéu Zn,SiOs
pha tagp Mn%*
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Cac két qua do XRD cua cac mau vt lidu Zn,SiOs
pha tap Mn?* dugc thé hién & Hinh 1. Két qua XRD cho
thdy céc vat liéu duoc ché tao 12 don pha va c6 cau truc
tinh thé luc phuong (c6 phd XRD phi hop véi mau
chuan PDF 00-001-1076 cua Zn,SiO4). Cac hing s
mang a va ¢ cta Zn,SiO4 dugc xac dinh theo cong thuc:
1 4(h2 +kh+k2J 12

= + ®
df%kl 3 ? ?

a c

Trong d6, d,, la khoang cach giira cac mat mang
(hkl). Tir két qua XRD & Hinh 1, cac hiang sb mang a va
¢ cuia cAc mau vat liéu voi nong do pha tap Mn?* khéc
nhau da dugc xac dinh va duoc trinh bay ¢ Hinh 2. Tur
Hinh 2, c6 thé nhan thiy su thay d6i cua cac hang so
mang a va ¢ theo nong d6 Mn?* la gidng nhau. Khi nong
d6 Mn?* tang tir 0,5 dén khoang 3,0%, c4c hing s6
mang c6 xu hudng ting. Piéu nay cho thdy trong
khoang néng do pha tap nay su thay thé caa Mn2* cho
Zn?* dién ra manh. Béi vi ban kinh ion cia Mn?* 16n
hon ban kinh ion cua Zn? nén khoang cach gitra cac
mat mang cua vat liéu nén Zn,SiO4 ¢6 su ma rong [8].
Khi nong do Mn?* vuot qua 3,5%, cac hiang s6 mang c6
xu huéng giam. Két qua nay cho thay khi nong do ion
Mn?* ting 1én, mot phan I6n Mn?* dugc pha tap khong
thé xen vao mang tinh thé caa vat liéu nén Zn,SiOa.
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Hinh 2. Sir phu thugc cia cac hang sé mang
Va0 nong dg ion pha tap Mn?*
Ngoai ra, tir két qua XRD kich thudc tinh thé cua
cac vat liéu phat quang cling c6 thé duogc xac dinh dya
vao phuong phap Williamson - Hall (W-H) [9,10]:

B €COSO = (%J +4¢gsind (2)

Trong d6, By 1a do ban rong cia dinh pho,
A=1.5406A 1a budc song tia X, D 1a kich thude tinh
thé cua vat liéu, k =1 1a cac hé sb ti 16 va & 1a do bién
dang cia tinh thé. Hinh 3 md ta su phu thudc cua
B COSO vaosin@ dbi voi mau S2. Tur két qua thu
dugc ¢ Hinh 3, kich thudc tinh thé cia miu S2 dugc xac
dinh vao khoang 360 nm.
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Hinh 3. Phicong phap W-H xdc dinh kich thiedc tinh thé
trong mau vat ligu S2
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Hinh 4. Phé kich thich ciia Mn?* trong nén tinh thé
Zn;Si04vdi burdc séng phat quang 520 nm

Pé nghién ctu anh huong cua viéc pha tap ion
Mn2* I&n tinh chat phat quang caa cac mau vat liéu, phd
kich thich va phé phét quang cua cac vat liéu di duoc
do va két qua duoc trinh bay & Hinh 4 va 5. Hinh 4 cho
thay phé kich thich cua vt liéu Zn,SiO4 pha tap Mn2*
gom nhiéu dinh twong ddi hep, cuong do phat quang cao
nhét tng véi budc séng kich thich khoang 420 nm. Do
do, trong nghién ctitu ndy ching tdi chon buagc séng 420
nm dé lam budc séng kich thich. Hinh 5 cho thiy phd
phat quang cta Zn;SiO4 pha tap Mn?* khi duoc kich
thudc boi anh sang c6 budc song 420 nm la mot dam
rong voi dinh pho tai buéc séng khoang 520 nm, twong
g véi chuyén doi tir *T1(*G) 2 AL(6S) [11].
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Hinh 5. Phé phét quang ciia Mn2* trong nén tinh thé
Zn,Si04Vai burge séng kich thich 420nm
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Hinh 6. Si phu thugc ciia cuong dé phét quang vao
nong do Mnz*

Hinh 6 biéu dién sy phu thudc caa cuong do phat
quang manh nhat cua cac mau vat liéu vao nong do pha
tap Mn2*, Dya vao d6 thi ta thay su phat quang tt nhat
cia Mn?* trong nén Zn,Si0, la trong khoang nong do tir
0,5% dén khoang 2,5%. Khi nong d6 pha tap tir 3,0%
tré di su phat quang c6 hién tuong dap tit [11].

Tir céc két qua thu duoc & Hinh 2 va Hinh 6, ching
ta c6 thé nhan thiy khi nong do pha tap cia Mn?* dua
vao thap (< 2.5%), hiang sé mang thay ddi nhiéu, su
chiém chd caa Mn2* dién ra manh. Diéu nay dan dén
cuong do phéat quang I6n trong khoang nong do nay.
Khi ndng do Mn?* > 3%, c4u tr(c mang én dinh hon do
phan I6n Mn?* dua vao khong xen vao mang tinh thé
cua vat lidu Zn,SiOs, dan dén két qua cuong d6 phat
quang giam dén mot gia tri gan nhu khong dbi.

4. Két luan

Céc vat liu phat quang Zn,SiO4 pha tap ion Mn?*
da dwoc ché tao thanh cong bang phuong phap phan
ng pha ran. Cau trlc tinh thé va tinh chat phat quang
ctia chung dwgc nghién ciru bang phuong phap XRD va
PL. Céc két qua do XRD cho thay kich thudc tinh thé
cta cac vat ligu phat quang c¢& vai trim nanomet. Pho
phat quang 1a mot dam rong dic trung cua ion Mn?".
Khao sét sy thay ddi cua ciu trdc mang va cudng do
phét quang cua cac vat liéu theo ndng do pha tap ion
Mn?* cho thiy rd su tuong quan giita ciu tric mang va
cuong d6 phat quang khi néng do ion Mn?* thay dbi.
Két qua nay duoc giai thich dua trén sy chénh léch vé
kich thuéc cta ion pha tap Mn?* va ion Zn?* trong vt
liéu nén va hién tuong dap tat huynh quang do ndng do.
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L&i cam on

Nghién ctu nay dwoc thyc hién véi sy trg gilp tai
chinh cua B Giéo duc va Dao tao thong qua dé tai cap
Bo, ma s6 KYTH-88.
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STUDY ON STRUCTURAL AND OPTICAL PROPERTIES
OF Zn,SiO, DOPED WITH Mn#

Abstract: In this study, luminescence materials Zn,SiO, doped with Mn?* were fabricated by using the solid state reaction
method. The structural and luminescence properties were investigated by using X-ray diffraction (XRD) and photoluminescence (PL)
measurements. XRD results show that the crystallite size of the materials is a few hundred nanometers. The results also show the
influence of Mn?* concentration on the crystallite structure of Zn,SiO,, as a result, influencing the luminescence intensity of the
materials, as shown in PL results. The obtained results can be explained based on the difference in the size of ions Mn?* and Zn?*
and the luminescence quenching phenomenon.

Key words: luminescence materials; Mn?" doped Zn,SiO,; crystallite structure; lattice constants; crystallite size.
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