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Tom tat

Trong nghién ciru nay, vat liéu Sr;MgSi>O7:1.0 mol%Eu** (SMSO-1.0Eu) dugc ché tao bang phuwong phap phan tmg
pha ran ¢ 1250°C. Vat liéu sau khi ché tao dugc i trong méi truong 100% H, dé danh gia qué trinh khr tir trang thai Eu®*
vé Eu?*. Ciu trac vat liéu duoc khao sat b';'mg nhidu xa tia X, két qua chi ra vat li¢u thu dugc don pha véi cAu trac
tetragonal. Phan tich ph6 phat quang dudi kich thich 350 nm va 393 nm cho thidy méau sau khi ché tao trong méi trudng
khong khi c6 mot phan Eu** dugc khir vé& Eu?*. D6i v6i mau u nhiét trong moi truong 100% H, thi phan 16n Eu* khir vé
Eu?', ti 16 cuong d6 phat xa Eu®* ting 1én 87% khi mau 1 trong méi trudng 100% H, & 700°C trong 2 gid. Co ché qua
trinh khur tir trang thai Ew’'—Eu*" trong mau SrMgSix07 ché tao trong moi trudng khong khi lién quan dén qué trinh
hinh thanh cdc vacancy do su mét can bang dién tich. i v6i mau u nhiét trong moi trudong khi hydro thi qua trinh khu
Eu*—Eu?" lién quan dén su giai phong dién tir tir twong tac gitta O sin ¢6 trong nén voi phan ti khi Ho.

Tuwr khoa: Vat liéu phat quang; SroMgSi,O7; europium; qua trinh khir.

Abstract

In this work, Sr;MgSi;07:1.0 mol%Eu** (SMSO-1.0Eu) materials have been fabricated by solid-state reaction method
at 1250°C. Then the prepared samples were annealed in the 100% H» gas atmosphere to estimate the reduction process
from Eu®* to Eu?" states. The structure of the prepared SMSO-1.0Eu sample is carried out by X-ray diffraction, which
indicates that the prepared samples reach the single phase of the tetragonal structure. Analysis of photoluminescence
spectra using the excitation wavelengths of 350 nm and 393 nm suggests a part of Eu** reducing to Eu?" state in the
prepared sample in air. For the samples annealing in 100% H,, almost Eu*" was reduced to Eu?*, and the Eu?*" emission
ratio increased by 87% as the sample annealed in 100% H, at 700°C for 2.0 hrs. Mechanism of reduction process
Eu**—Eu*" in SrxMgSi,07 sample synthesized in an air atmosphere relates to the formation of vacancy defects due to the
non-equivalence charge. For the samples annealed in a hydrogen atmosphere, the reduction mechanism of Eu’* relates to
the released electrons from the reaction between the O oxide substrate and H, molecules.

Keywords: Luminescent materials; Sro-MgSi,O7; europium; reduction process.
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1. Giéi thi¢u

Céc ion dat hiém (RE) pha tap vao hop chét
oxide thuong phat ra blrc xa cua trang thai RE
hoa tri ba va quang phd ciia chung thuong dic
trung bai cac vach hep do cac chuyén doi ff
thudc cau hinh 4f" ciia cac ion RE hoa tri ba.
Giita cac ion dat hiém, Eu*" 14 tam phat quang
dang chu y do chung birc xa manh trong vung
budc song tir cam téi do, phu hop véi cac ung
dung trong khuéch dai quang, vat liéu phat
quang va laser [1-4]. Piéu tha vi 1a europium 14
mot trong nhitng nguyén t6 c6 thé ton tai trang
thai hoa tri hai va phat ra buc xa dai rong dac
trung cho chuyén doi 4/"'5d — 4f" [5-7]. Viéc
ion ndy ton tai & trang thai héa tri hai hay hoa tri
ba thi phu thude rat 16n vao mang nén va diéu
kién ché tao vat liéu. Do d6, dé c6 thé dat dugc
phat xa tdt thi trang thai hoa tri cia cac ion dat
hiém europium v samarium can phai duoc kiém
soat trong qua trinh ché tao.

Vit li¢u phat quang Sr>MgSi,07 pha tap ion
dat hiém da va dang thu hat nhiéu sy quan tim
nghién ctru boi ching ¢ cac wu diém dang ké
trong tinh on dinh 1y hoa [8-10]. Pic biét cac
chuyén doi 4/'5d — 4f" ciia ion Eu®" trong vét
liéu SroMgS1207 da duoc nghién ctru cho céc
ung dung trong cong ngh¢ LED, lan quang va
vat liéu trong nha khoa [8]. Cac chuyén doi 4/™
'5d — 4f" 14 cac chuyén doi ludng cuc dién cho
phép nén cuong do cua ching phu thugc manh
vao truong tinh thé va ciu trac mang nén, do d6
phu thudc rat 16m vao diéu kién ché tao. Nhiing
phan tich trén cho thay viéc kiém soat qua trinh
khir Eu** vé& Eu?* trong qué trinh ché tao vat lidu
1a rat can thiét dé co thé dat duoc hiéu qua cao
cua phat xa. Do do, vat liéu Sro-MgSi>O7 pha tap
Eu’" duoc ché tao bang phuong phap phan tmg
pha ran va vat liéu sau khi ché tao duoc trong
moi trudng 100% Ha tai cac didu kién khac nhau
dé danh gia qua trinh khir Eu®* vé Eu?".

2. Ché tao vit liéu va cac Ki thuat phan tich

Vit liéu strontium magnesium silicate pha tap
europium dugc tong hop bang phuong phép

phan (g pha ran tai nhiét d cao v6i thanh phan
hop thic nhu sau: SrxMgSi>07:1.0 mol%Eu**
(SMSO-1.0Eu). Cic tién chit ban dau gdm céc
oxit MgO, Si02, Eu,0; (Sigma-Aldrich) va mudi
SrCO;3, ching dugce can theo ti 18 thanh phan
mau sau d6 duoc tron déu va nghién min béng
cbi ma ndo dé tang do dong déu giira cac thanh
phan hop chat. Tiép theo, hdn hop duge nung &
nhiét d6 1250°C trong 5.0 gio véi téc do gia
nhiét 5°C/phut. Sau d6, mau duoc ha nhiét ty do
dén nhiét do phong dé thu dugc mau bdt mau
trang, tiép tuc nghién min mau thu duge bang cdi
ma ndo trude khi thuc hién cac phép do phan tich
c4u trac va tinh chét quang.

Pé khao sat qua trinh khir Eu’*—Eu?" trong
vat liéu SrxMgSi,07, mau SMSO-1.0Eu sau khi
ché tao dwgc nung trong moi trudng khi khir
100% Ha véi céc thoi gian va nhiét dd khac nhau,
ki hiéu tuong tmg cho cic mau lan lugt 1a:

+ As-prepared: SMSO-1.0Eu sau khi ché tao,

+ H,-400°C-1h: SMSO-1.0Eu sau khi ché tao
dugc nung trong moi truong 100% H» tai nhiét
do 400°C trong 1 gio,

+ H,-700°C-2h: SMSO-1.0Eu sau khi ché tao
duogc nung trong moi truong 100% Ho tai nhiét
do 700°C trong 2 gio.

Cau triic tinh thé va hinh thai bé mit mu sau
khi ché tao dugc khao sat béng nhiéu xa tia X
(XRD) (Bruker, Germany) va anh hién vi dién tir
quét (SEM) Jeol 6490-(JED 2300; Japan). Pho
kich thich phat quang va phd phat quang dugc
do bang may quang phd FL3-22 (Horiba Jobin-
Yvon).

3. Két qua va thao luan
3.1. Két qud nhiéu xa tia X va hinh thdi bé mat
clia mdu

Hinh 1 trinh bay két qua nhiéu xa tia X cia
mau SMSO-1.0Eu sau khi ché tao (As-prepared)
va nung trong moi truong 100% Ho> tai nhiét do
700°C trong 2 gior (H2-700°C-2h). Két qua XRD
cho thay khong co su khac biét giita hai mau
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As-prepared va H»-700°C-2h, tit ca déu c6 cac
dinh nhiéu xa phii hop v6i thé chuan JCPDS card
No. 00-063-0011, cho théy vat liéu hoan toan
don pha véi cau tric tetragonal. Két qua nay cho
thay cac diéu kién ché tao da sir dung 1a phu hop
dé thu duogc vat liéu don pha nhu mong mubn va

H,-700°C-2h
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Hinh 1. Két qua nhiéu xa tia X ctia mau SMSO-1.0Eu

sau khi ché tao (As-prepared) va khi dugc nung & 700°C-2

gi0 trong moi truong khi Hy (H»-700°C-2 h).

3.2. Qua trinh khir Ev’*—Eu** trong Sr-MgSi;0;

Ta biét réng, khi ché tao vat liéu phat quang
pha tap europium & trong moi truong khong khi
thi hau nhu chi thu duoc trang thai hoa tri ba
Eu’". Trong mot s6 diéu kién nhu nung trong
moi trudng khi khir, chiéu xa tia X... thi Eu*" ¢6
thé dugc khir vé trang thai hoa tri hai Eu>*. Trong
phan nay, cac két qua phén tich dé danh gia qua
trinh khir Eu*" vé Eu®*" trong mang nén
SrMgSi,07 dugce khao sat va thao luén. Hinh 3
thé hién két qua pho phéat quang duéi kich thich
350 nm cua cac mau sau khi ché tao va sau khi
nung trong moi trudng 100% H,. Pho phat quang
(PL: Photoluminescence) clia tat ca cic mau déu
c6 dang dai rdng dic trung cho chuyén doi
4£°5d'—»4f cia ion Eu’" trong mang nén
Sr»MgSi>07. Va cac mau duoc nung trong moi

qua trinh U trong moi truong 100% H> khong
lam thay ddi cAu tric cta vat lidu. Hinh thai bé
mit mau sau khi ché tao dugc khao sat béng anh
SEM nhu dugc trinh bay trén Hinh 2. Két qua
cho thay bé mit miu c6 cac hat khong dong nhét,
két dinh tao thanh cac dam c6 kich thudc 16n.

¥ ol

SMSO-1.0Eu
(As-prepared)

Hinh 2. Anh SEM cuia miu SMSO-1.0Eu
sau khi ché tao (As-prepared).

truong Hz co cudng d6 manh va mau H,-700°C-
2h ¢6 cudng do phat xa Eu?* tot hon cic miu
khac, diéu nay 1a do Eu?* khur tot vé Eu?' trong
mdi truong khi khir Hp. Bén canh do, nhu ¢ thé
thdy trén Hinh 3, ngay ci miu As-prepared
khong xtr 1y trong moi trudng Ha van thu duge
phat xa dai rong dic trung ciia ion Eu?*, didu nay
cho thdy mot phan Eu** dugc khir vé Eu>" ngay
ca khi ché tao trong méi truong khong khi. Két
qué nay phil hop v6i mot sb quan sét trude day-
da chi ra trong mot s6 vat liéu nhu BaMgSiOs,
SrALLSi>Os, va CaAlSi>Os [11-13], Eu*" ciing
c6 thé duoc khir vé Eu?" khi ché tao trong moi
truong khong khi. Ciing theo cac nghién ctu
nay, qua trinh khir Eu®* vé Eu?* lién quan dén
quéa trinh truyén dién tich giita cdc vacancy
Vi e Ve vaEudt. Co ché cu thé clia qua trinh
nay s& dugc trinh bay trong phan tiép theo.
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7 SMSO-1.0Eu
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Hinh 3. Phd PL duéi kich thich 350 nm ctia mau
SMSO-1.0Eu sau khi ché tao (As-prepared)
va khi dugc nung trong moi truong khi H, ¢ 400°C-1
gi0 (H-400°C-1h) va & 700°C-2 gi¢ (H2-700°C-2h).

Phé kich thich phat quang (PLE:
Photoluminescence Excitation) thu tai buc xa
phat quang 460 nm ctia cic mau sau khi ché tao
va sau khi nung trong méi truong 100% Hz duoc
trinh bay trén Hinh 4. Pho PLE cua cac mau déu
c6 dang dai rdng cuc dai & 350 nm tuong ung
cho chuyén doi kich thich 4 —4/°5d' cua ion
Eu®" trong mang nén Sr>MgSi,O7. Tl cac phd
PLE nay, nam dinh kich thich c¢6 thé dugc xac
dinh tai cac budc song 288, 306, 350, 380, va
410 nm do qua trinh tdch muc cua truong tinh
thé d6i véi muc nang lugng 5d ciia ion Eu®" [14,
15]. Cudng d6 phd PLE ciing cho thiy mau Hp-
700°C-2h ¢6 cuong do tot hon cac mau con lai.
O day, cac mau khong nung thém & nhiét do cao
hon 1a bai vi dang stt dung méi truong 100% H»
nén s& nguy hiém trong qué trinh xur 1y ¢ nhiét
do cao.

Dé c6 thém thong tin danh gia qua trinh khir
Eu’" vé Eu?* trong vt liéu Sr;MgSi>O7, phd phat
quang cua cac mau duoc do dudi buc xa kich
thich 393 nm va két qua dugc trinh bay trén Hinh
5. Btrc xa kich thich 393 nm duoc st dung trong
truong hop nay 1a béi vi day 1a birc xa kich thich

Hp-700°C-2h

Hp-4000C-1h
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As-prepared
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250 275 300 325 350 375 400 425
Buwéc séng (nm)

Hinh 4. Pho PLE thu tai birc xa 460 nm mau
SMSO-1.0Eu sau khi ché tao (As-prepared)
va khi dugc nung trong moi treong khi H, & 400°C-1 gio
(H2-400°C-1h) va & 700°C-2 gio (H2-700°C-2h).

loc lya t6i wu kich thich cho Eu®*. Bén canh do,
birc xa nay cling thudc vung kich thich manh cho
Eu2+ nhu két qua phd PLE trén Hinh 4, do d6
né s& kich thich tot dong thoi cho hai trang thai
Eu*"?" trong vat lidu SrxMgSi>O7. Két qua phd
PL trén Hinh 5 cho thdy cac mau phat ra dong
thoi bue xa dai rong trong viung 410-550 nm cia
Eu?* va cic btrc xa vach hep & ving budc song
550-750 nm cua Eu®". Sy thay doi cta cudng do
phat quang Eu*" va Eu’" theo ti 1& phan tram
dugc trinh bay trén Hinh 6. N6 cho thay sy gia
tang cudng do birc xa Eu?" rat manh tir 23% 1én
87% khi vt liéu nung trong moi truong khi khir
H> ¢ 700°C trong 2 gio.

Céc két qua phén tich & trén da cho thay: (i)
Qua trinh khir Eu®" vé& Eu®*" trong vét liéu
Sr:MgSi,O7 dién ra ngay ca khi khong nung
trong moi trudng khi khir, (i) khi mau duoc
nung trong moi truong khi khir 100% Hp thi qua
trinh khir Eu** vé Eu®* trong vat liéu SraMgSi>O-
dién ra v&i ti 1 cao. Co ché cho qua trinh khir
ung véi hai truong hop nay s€ dugc trinh bay ¢
phan tiép theo.
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SMSO-1.0Eu I

As-prepared

Aex: 393 nm
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Hinh 5. Phd PL dudi kich thich 393 nm ciia ctia mau
SMSO-1.0Eu sau khi ché tao (As-prepared)

va khi dugc nung trong moéi truong khi H, & 400°C-1

gi0 (H2-400°C-1h) va ¢ 700°C-2 gio (H2-700°C-2h).

3.3. Co ché ciia qud trinh khir Ew’*—Eu?*
trong Sr:MgSi>0;

Trong phan ndy, co ché ctia qua trinh khir Eu™
vé Eu?* trong mang nén SroMgSi>O7 duoc trinh
bay chi tiét. Theo cac nghién ciru trude day, [13,
16-18], europium khi thay vao cic mang nén
chtra cac ion kiém thd sé& thay thé vao vi tri cia
chung, chang han nhu Ba>*, Ca®*, hodc Sr**, va
s& tao ra cac vancancy trong mang nén khi vat
liéu duoc ché tao trong mdi truong khong khi.
Chinh cac vancancy kiém thd nay s& 1a céc
ngudn cung cip electron cho qué trinh khir Eu*
vé Eu?. Trong truong hop vat liéu duoc nung
trong moi truong khi khir, sy hién dién cia céc
oxy xen ké& trong mang nén 1a can thiét cho qua
trinh khtr cua Eu®™ [19, 20]. Qua trinh cu thé
tuong ung cho hai truong hop nay trong vat li¢u
SroMgSi,07 s€ dugc trinh bay ngay sau day:

Dbi véi vat liéu trong moi truong khong khi
(miu As-prepared), quéa trinh khir Eu’- vé Eu*
dién ra nhu sau: Pau tién 12 do dic trung ciu trac
cua Sr:MgSix07 c6 thé ton tai ba vi tri ma ion
Eu® ¢6 thé thay thé khi pha tap vao mang nén, d6
1a Sr**, Mg**, va Si*'. Tuy nhién, do su khac biét

Phén tram (%)
3
1

N
o
1

| I Cuong d6 burc xa Eu®

SMSO-1.0Eu I
Il Cuong do buic xa Eu?

Aey: 393 N

100

80

20

As-prepared

H,-400°C-1h

Mau

H,-700°C-2h

Hinh 6. Ti 1¢ phan tram ciia cudng do phat xa Eu®* va Eu?*

ctia mau SMSO-1.0Eu sau khi ché tao (As-prepared)
va khi dugc nung trong moéi truong khi Hy & 400°C-1 gio
(H2-400°C-1h) va & 700°C-2 gio (H»-700°C-2h)
dudai kich thich 393 nm.

trong ban kinh ion ciia Mg®* (72 pm) va Si** (26
pm) so véi Eu*" (109 pm) ma Eu’+ khong thé
thay thé vao vi tri clia hai cation nay. Ban kinh
ion cia cation con lai 1a Sr?* (126 pm) rat gan
véi ban kinh cua Eu** [21]. Do d9, khi ion Eu*
dugc pha tap vao mang nén SraMgSixO7 n6 s&
chiém 14y vi tri cuia Sr>* va gy nén sy khong cin
bang dién tich. Vay nén sé& c6 hai ion Eu** thay
thé cho ba ion Sr** dé dam bao can bang dién
tich, diéu nay sinh ra mot vacancy strontium V!,
v6i dién tich Am va dong thoi sinh ra hai sai hong
Eug, (biéu thuc 1) mang dién tich duong tai vi tri
cua strontium. Cac vacancy V. dong vai tr6 la
cac donor va cung cip electron (biéu thirc 2),
trong khi hai sai héng Eug, s& la cac acceptor dé
nhan electron. Dudi qua trinh kich thich nhiét,
cac electron s& chuyén tir cac V! sang vi tri Eu®*
dé hoan thanh qua trinh khir vé trang thai Eu®*
(biéu thirc 3):

3Sr*" +2Eu’ -V +2Eu;, (1)

Vi = Vg +2¢ (2)

2EBug, +2e — 2Eug, 3).

O day Vg la cac vacancy Srtrung hoa, va Euf,
chinh 1a céc sai hong trung hoa tai vi tri Sr cling
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chinh 13 cac ion Eu?". Qua trinh khir Eu® vé Eu*
trong moi truong khong khi cling dugc quan sat
thiy trén mot s mang nén silicate nhu
BaALSix0g, CaAlxSi120s, va BaMgSiOq4 [11-13,
17], va ching déu cho thiy qué trinh khtr nay
lién quan dén sy hinh thanh cic vacancy kiém
thd do sy mat can bang dién tich khi Eu*" thay
thé vao vi tri cac cation hoa tri hai.

Dbi v6i cac mau nung trong moi truong khi
H>, mét lugng 16n electron s€ thu duoc tir oxide
nén va phan tir H, nhu biéu dién sau day [22]:

O™ (lattice) + H, (g) "2 H,0(g) +2¢~ (4).

Céc electron giai phong ra s& khuéch tan vao
mang nén va hoan thanh qua trinh khir ion Eu**
nhu phuong trinh mo ta sau day:

Eu’'[Xe]4f’ +¢” — Eu”'[Xe]4f® (5).

Véi lugng 16n electron tao ra, Eu’" s& dé dang
khir vé Eu®>" va do d6 cudng d6 phat quang Eu?*
ciia cidc mau xu 1y trong moi truomg khi Hy s&
tang 1én nhu két qua thu duoc trén Hinh 5 va
Hinh 6.

4. Két luin

Vit liéu Sr,MgSi07:1.0 mol%Eu’** da ché
tao thanh cong bang phuong phap phan tng pha
ran & 1250°C, vat liéu thu dugc don pha véi cdu
tric tetragonal. Pho phat quang dudi kich thich
350 nm va 393 nm da cho thiy mau sau khi ché
tao trong moi truong khong khi van c6 mot phan
Eu®* dugc khir vé Eu?*. Khi mau U nhiét trong
moi trudng 100% Ho thi Eu®* khtr vé Eu®' rét tdt,
ti 1& cudong d6 phat xa Eu?* ting tir 23% (mau sau
khi ché tao) 1én 87% khi mau 1 trong moi truong
khi H & 700°C trong 2 gio. Co ché khir tir Eu®*
vé Eu?* trong moi truong khong khi lién quan
dén qua trinh hinh thanh cac vacancy do sy mat
can bang dién tich. Trong khi mau nung trong
moi truong Hy thi qué trinh khir lién qua dén su
giai phong dién tir tir phan ng ctia 0> san co
trong nén véi khi H.
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