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ANH HUOGNG CUA NONG DQ PHA TAP ION Cr*" PEN TINH CHAT QUANG
CUA VAT LIEU ZnAl,04:Mn?* CHE TAO BANG PHUONG PHAP SOL-GEL
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TOM TAT

Bot huynh quang ZnAl,O, ddng pha tap ion Mn?* va ion Cr®* phat xa mau xanh va dé dwoc ché tao
thanh cong bang phuong phap sol-gel két hop voi i nhiét trong khong khi ¢ cac nhiét do khac
nhau. Két qua nhiéu xa tia X cho th?iy vat liéu ZnAl,0, c6 chét lwong tinh thé t6t nhat khi nung &
1400 °C. Két qua chyp anh FE-SEM cho théy vat li¢u c6 kich thudc hat tang dén khi nhiét d6 nung
thiéu két tang, & nhiét d6 1400 °C kich thudc hat phan bé tir vai chuc nanomet dén traim nanomet.
Két qua khao sat ph6 huynh quang cho thiy vat liéu phat xa manh trong ving do6 - d6 xa va mot
giai phat xa yéu trong ving anh sang xanh. Giai phat xa yeu v6i dinh huynh quang 0 budc song
511 nm dugc quy cho qua trinh dich chuyén ciia ion Mn?* tir trang thai “T; — °A; trong mang
ZnAl,0,. Giai phat xa manh trong vung anh sang d6 va d6 xa ¢ dinh phat xa 686 nm do sy chuyén
murc ning luong cua ion Ce** tir trang thai ng - A2g trong mang tinh thé ZnAl,0,. Phé kich
thich huynh quang véi dinh phat xa 686 nm cho thay vat liéu hap thu manh nhat or budc song kich
thich 395 nm va 535 nm tuong Ung voi sy chuyen murc ndng luong cia ion Cr tir trang thai co
ban Azg l1én cac trang thai kich thich Tlg va ng Vit liéu cho phat xa tdt nhét 1a mau ZnAl,O,
pha tap 0,5% ion Mn®* va 0,5% ion Cr** nung thiéu két 2 gio, & 1400 °C trong khong khi.
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EFFECTS OF ION Cr** CONCENTRATION ON THE OPTICAL PROPERTIES
OF ZnAl,04:Mn?* PHOSPHOR POWDER VIA SOL-GEL METHOD
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ABTRACT
Green and red emitting co-doped Mn?" and Cr®" ions ZnAl,O, phosphor powders were successfully
manufactured via sol-gel method combined with air annealing at different temperatures. The
results of X-ray diffraction show that the ZnAl,O, material has the best crystal quality when
heated at 1400 °C. FE-SEM imaging results show that the powder with particle size increases as
the sintering temperature increases, at a temperature of 1400 °C the particle size is distributed from
several tens of nanometers to hundred nanometers. The results of the fluorescence spectra showed
that the material emitted strongly in the reddish-red area and a weak emission in the green light.
Weak emission with peak fluorescence at 511 nm is attributed to the transition of Mn?* ions from
the state of “T; — ®A, in ZnAl,O, host. Strong emission in red and far red-light region at 686 nm
emission peak due to the energy transfer of Ce®* ions from Zng —>4Azg in ZnAl,Q, crystal lattice.
Fluorescence excitation spectra with a peak of 686 nm showed that the material is most strongly
absorbed at the excitation wavelengths of 395 nm and 535 nm corresponding to the transfer of
energy of Cr** ions from the “Azg ground state to the excited states of 4Tlg and ng The best
emitting phosphor is the 0.5% Mn?* and 0.5% Cr®" ions doped ZnAl,O, sample sintered for 2
hours, at 1400 °C in air conditions.
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1. Mé dau

Vit liéu Spinel ZnAl,O, 1a loai vat li¢u dién
moi, c6 d6 rong ving cAm lén (khoang 3,8
eV), khoang céach giira ving cAm va ving hoa
trj ing vdi burc xa cua photon tir ngoai [1]. Do
d6 spinel khong hap thu buc xa trong ving
anh sang nhin thay [2]. Spinel ZnAl,0, 1a mot
trong nhing vat liéu nén quan trong trong ché
tao vat liéu huynh quang bai chiing c6 nhiéu
dic tinh quan trong nhu do trong subt, do bén
héa hoc, dd bén co hoc, kha nang chiu nhiét
cao. Chung ki nuéc va co hidu sudt phat xa
cao khi pha tap ion dat hiém hodc kim loai
chuyén tiép [3]. Véi nhiéu dic tinh tuu viét
rén ma nhém vat lidu nay c6 nhidu ing dung
quan trong trong linh vuc quang hoc nhu: ky
thuat laze, cam bién tng suat co - quang, phu
quang hoc, man hinh mong huynh quang, chit
Xuc tac, vat liéu chiu nhiét cao [4]. Trong d6
vat lidu ZnAl,O, duoc sir dung dé 1am mang
nén cho cac vat liéu phat quang pha tap dat
hiém la kha phd bién [5]-[10].

Vit liéu ZnAl,O, pha tap ion Mn®" cho phéat
xa anh sang xanh lyc da dugc tong hop bang
nhiéu phuong phap khac nhau nhu phuong
phdp phan tmg xdy ra pha ran [2], [10],
phuong phap dong két taa [7], phuong phap
sol-gel [6]. Tuy nhién theo Mu-Tsun Tsai va
nhém nghién ctru thi cac cong bb vé nhom vat
lidu nay duoc tong hop bang phwong phép sol
— gel con han ché. Theo nhém L.Cornu thi khi
pha tap dong thoi ca ion Mn®* va ion Mn**
vao mang nén ZnAl,O,, vat liéu s& cho phat
xa trong vung anh sang xanh luc va do,
nhwong cuong do ving anh sang xanh Iy yéu
[8]. Nén kha nang ung dung ctia nhom vat
liéu ZnAl,0, pha tap ion Mn?* 1a khong cao.
Véi mong mudn tong hop dugc vat licu
huynh quang trén mang nén ZnAl,O, cho phéat
xa manh trong vung anh sang do6 va do xa,
dinh hudng cho tng dung vét liéu nay trong
cac thiét bi chiéu sang trong ndng nghiép,
chung t6i da dong pha tap ca ion Mn?* va ion
Cr** trong mang nén Spinel ZnAl,O, v6i nong
d6 pha tap ion Cr** khac nhau, nung ¢ diéu

kién nhiét do khac nhau dé xac dinh duogc
diéu kién cong nghé téi uu cho qué trinh tong
hop loai vét li€u nay cho phat xa manh trong
vung anh sang do.

2. Phwong phap nghién ciru

Héa chat: Vit liéu ZnAl,0, dong pha tap ion
Mn®* va ion Cr** dugc tong hop bang phuong
phap sol-gel v6i cac tién chit ban diu gém
Zn(N03)26H20, AI(N03)39HZO, Mn(N03)2,
Cr(NO;)39H,0; Citric acid. Cac hoa chat sir
dung c6 ngudn gbc Trung Qudc va cb do tinh
khiét 99,5%.

Cdch tién hanh: Hoa tan Zn(NOs),.6H,0;
AI(NO3)3.9H,0; Mn(NOs3),; Cr(NOs);9H,0
va citric acid trong 100 ml nu6c cit hai lan,
khudy tan mudi va acid & nhiét do phong.
Néng nhiét d6 khudy 1én 80 °C trong 5h thu
duogc gel. Sdy gel & nhiét d6 200 °C trong 3
gio thu dugc bdt khd. Sau d6 bot kho dugce
chia nho va dem nung thiéu két trong khong
khi tr 1000 - 1400 °C trong 2 gi¢ thu duoc
b6t huynh quang ZnAl,0, dong pha tap ion
Mn*" va ion Cr**. Cac phan tmg xay ra trong
qua trinh tong hop vt lidu nay gom:
Zzn(N03)26H20 — 27n0 + O, + 4NO, +
12H,0

4A|(N03)39H20 — 2A1203 + 302 + 12N02 +
36H,0

Zn0O + A|203 — ZHA1204
Mn(N03)2 — MnO, + 02
2Mn(NO3)2 — 2MnO + O, + 4NO,

4Cr(NO;);9H,0 — 2Cr,05 + 30, + 12NO, +
36H,0

Phan tich cdc tinh chdt ciia vat liéu: Dé khao
sat, phan tich hinh thai bé mit, cu tric tinh
thé va tinh chat quang cia vat liéu, ching toi
d3 tién hanh do FE-SEM bang thiét bi
FESEM-JEOL/JSM-7600F; phan tich cdu trac
ciia vat litu bang hé¢ X — Ray D/MAX-
2500/PC (Rigaku, Nhat Ban) véi nguon phat
Cu-Ka (A = 0,154 nm); Phan tich tinh chét
quang bang hé Nanolog (HORIBA Jobin
Yvon) v6i ngudn kich 13 dén Xenon c6 cong
sudt 450 W.
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3. Két qui va thio luan

Chung t6i di tién hanh phén tich céu tric cua
tinh thé cua vat liéu ZnAlLO, pha tap 0,5%
ion Mn?*, va 0,5% ion Cr** véi nhiét d6 nung
thiéu két tir 1000 — 1400 °C. Két qua phan
tich & Hinh 1 cho théy, vat liéu thu duoc co
chu tric don pha, voi cdu trac ciia nhoém
spinel ZnAl,O, (theo thé chuan s 65-3104),
véi cac dinh nhiu xa dic trung & cac vi tri co
20 = 31,12°; 36,84°; 44,74°; 49,01°; 55,48°
va 59,24° twong Gmg v6i cic mit tinh thé
(220), (311), (400), (331), (422) va (511) [2]-
[5]. Két qua nay ciing cho thdy cuong do cua
cac dinh nhifu xa tia X ting 1én va sic nét
hon khi nhiét d6 nung thiéu két ting. Piéu
nay cho thiy chat lugng tinh thé cua vat li¢u
dan hoan thién hon khi nhiét d6 nung thiéu
két ting.

Yivy.)

Cuoug o o

2 A ety w130

Hinh 1. Gian do nhleu xa tia X cua bot huynh

quang ZnA|204pha tap 0,5% ion Mn** va 0,5%

ion Cr¥* tong hop bangphu“ongphap sol-gel,

nung trong khéng khi tir 1000 °C dén 1400 °C

trong thoi gian 2 gic

Két qua nay c6 thé duoc giai thich, khi nhiét
d6 nung thiéu két ting thi qua trinh khuéch
tan clia cac nguyén tir vao nhau 1én lam cho
chat luong tinh thé hoan thién hon nén cuong
do cac dinh nhifu xa tia X ting va sic nét
hon. Viéc ddng pha tap ion Mn®* va ion Cr®"
khong 1am dich chuyén dinh phd nhidu xa tia
X ¢6 thé duoc giai thich 1a khi cac ion Mn?*
va ion Cr** thay thé vao mang nén thi nhiing
ion nay co ban kinh ion x4p xi voi ban kinh
cua cac ion ma ching thay thé (Rvnz+= 0,79
A% Rzp:= 0,74 A% Regs:= 0,69 A° nén céu

trac tinh thé khong c6 su thay dbi so véi khi
chua pha tap [6]-[8].

Hinh 2 13 4nh FE-SEM ctua mau ZnAlLO,
nung thiéu két & nhiét do 1400 °C

Hinh 2. Anh FE-SEM ciia mau ZnAL,0,4 nung
thiéu ket ¢ nhiét d6 1400 °C trong 2 gio.
Két qua cho thay bot huynh quang ZnAl,O,

dong pha tap ion Mp2+ va ion Cr¥* ¢6 kich
thudc phéan bo kha dong déu trong khoang tir
vai chuc nanomet t&i1 vai tram nanomet. Vo1
kich thu6c nay vat liéu phu hgp cho viée
trang - phu trén cac thiét bi chiéu sang nhu
den huynh quang hodc diot phat quang.

Pé khao sat tinh chét quang cua vat liéu,
chung t6i da tién hanh do phd huynh quang
(PL) va pho kich thich huynh quang (PLE)
nhitng mau tong hop duoc. Két qua trén Hinh
3 cho théy, vat liéu hép thy manh trong ving
budc séng tir 350 nm dén 600 nm véi cac
dinh kich thich huynh quang 385 nm, 395 nm,
430 nm, 458 nm va 535 nm. Nhiing dinh kich
thich huynh quang nay dugc quy cho 1a su
hép thu cua dién tor to trang thai
4Ag —* T, tmg v6i ion Cr* trong mang nén
ZnAl,Oy; cac dinh phat xa 511 nm dugc quy
cho qué trinh dich chuyén cua electron tng
tr trang thai “T, — °A, trong
mang nén ZnAlL,O,; cac dinh phat xa 675 nm,

voi ion Mn?

686 nm, 698 nm, 708 nm dugc quy cho su

dich chuyén cua electron tir trang thai kich
thich 4Eg —* A, img véi ion Cr* trong

mang nén ZnAl,0,.
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Hinh 3. Phé PL va PLE ciia cic mau ZnAl,O4 pha
tap 0,5% ion Mn?*va 0,5% ion Cr* nung ¢ 1400
°C trong 2h, do ¢ nhiét dj phong

Dé khao sat sy anh hudéng cia nhiét d6 nung
thiéu két dén tinh chét quang cua vat liu,
chung t6i dd khao sat phd huynh quang cia
nhom vat li¢u ndy voi nhiét d nung thiéu két
tir 1000 °C dén 1400 °C. Hinh 4 14 ph6 PL cua
cic miu ZnAl,O, déng pha tap 0,5% ion
Mn®* va 0,5% ion Cr® nung 2 gio' trowng
khong khi, & nhiét do tir 1000 °C dén 1400 °C,
do & nhiét d¢ phong vdi bude song kich thich
395 nm. Két qua cho thiy vi tri cac dinh
huynh quang gan nhu thay d6i khong déng ké
khi thay ddi nhiét d6 nung thiéu két. G 1000
°C cudng d6 huynh quang cua vét liéu rat
thip so voi miu c6 cudng do huynh quang
cao nhét khi nung & 1400 °C. Két qua nay c6
thé dugc giai thich rang, & nhiét do 1000 °C
thi tinh thé cua mang nén chua duoc hoan
thién, cac ion Mn®* va ion Cr¥" chua khuéch
tan duoc mang vao mang nén dang ké, nén
lugng tam phat xa trong vat li€u con thép, dan
dén cudng d6 huynh quang thap. Khi nhiét 4o
nung thiéu két ting 1én thi cac ion Mn** va
ion Cr¥* khuéch tan vao mang nén nhiéu hon,
chat luong tinh thé tot hon dan dén mat do
tdm phat xa tang, nén cuong d6 huynh quang
tang va cuong do cac dinh dat gia tri cyc dai
khi nhiét d6 nung thiéu két & 1400 °C. Két
quéa nay hoan toan phu hop véi két qua phan
tich cdu tric ciia vét liéu bang phd nhidu xa
tia X & hinh 1 1a chét luong tinh thé t6t nhat
khi vat liéu nung thiéu két ¢ 1400 °C.
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Hinh 4. Phé PL ciia cic mau ZnAl,O4 pha tap
Mn?*0,5%, Cr¥*0,5% nung 2 gio trong khong khi,
6 nhiét @ 1000 °C dén 1400 °C, do ¢ nhiét do
phong, voi budc song kich thich 395 nm
Véi két qua vat liéu cho phat xa tot nhat &
nhiét d6 nung thiéu két 1400 °C, ching toi
tién hanh khao sat sy anh huong cua nong do
ion Cr** 1én tinh chét quang cua vat liéu. Hinh
5 1a phd huynh quang ciia cic mau ZnAl,O,
ddng pha tap 0,5% ion Mn®* va ion Cr** véi
cac nong do 0,1%; 0,5%; 1%; 3% nung thiéu
két trong khong khi 2 gio, & nhiét d6 1400 °C,
kich thich & budc song 395 nm. Két qua cho
thiy xuat hién dai phat xa yéu trong ving
budc song tir 500 - 540 nm voi dinh cyc dai la
511 nm va mot giai phat xa manh trong ving
dé va do xa tor bude song 650 -740 nm voi

dinh cuc dai 686 nm.
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—————
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Hinh 5. Phé PL ciia cac mau ZnAl,O4 pha tap
Mn%* 0,5% nung ¢ nhiét d¢ 1400 °C, véi nong do
Cr¥*tir 0,1% dén 3%, do & nhiét dg phong, voi
buoc song kich thich 395 nm
Nguon goc cac dinh phat xa 511 nm 1a do su
chuyén mirc ning lugng ciia electron tir trang
thai “T, — °A, trong mang tinh thé ZnAl,O,
g voi ion Mn?* [6], [8], [10] & trong mang
nén. Ngudn gdc dinh phat xa 686 nm do su
chuyén muc ning luong cua ion Cr®' tir trang
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thai 2ng —>4A2g trong mang nén cua ZnAl,0O,
[71, [10]-[12].

Két qua hinh 5 cho thiy nong d6 pha tap ion
Cr®* anh huong d&én cudong do huynh quang
cua vat liéu, bot huynh quang cho cuong do
manh nhat 13 ing v6i ndng do pha tap 1% ion
Cr** nhung khi ndng d6 ion Cr** ting lén thi
cuong d6 huynh quang cia viung do lai giam.
Diéu nay duoc giai thich khi nong do cac ion
Cr** ting 1én thi cic tim phat xa ting lam
cuong d6 huynh quang tang. Nhung khi ndng
do pha tap tang qua gi6i han 1% thi c6 hién
tugng truyén niang luong nguoc giita cac tim
phat xa lam cho cuong d huynh quang giam
boi hién twong dap tit huynh quang. Két qua
phan tich cho thay, vat liéu ZnAl,O, dong ion
Mn?* va ion Cr®* cho phat xa manh nhat tmg
v6i mau pha tap 0,5% ion Mn?** va 0,5% ion
Cr** nung & 1400 °C.

4. Két luan

Chung t6i da tong hop thanh c6ng vat liéu
ZnAl,0, dong pha tap ion Mn 2 va ion Cr**
bang phuong phap sol-gel, str dung citric acid
1a chat tao gel. Két qua nghién ctru cho thiy
vat liéu thu duoc hap thu manh trong vung tir
ngoai va tir ngoai gan, dé cho phat xa manh
trong vung anh sang do6 - dé xa ung véi qué
trinh dich chuyén ning luong cia ion Cr**
trong mang nén ZnAl,O, va mét giai phat xa
yéu ¢ ving xanh do qua trinh dich chuyén
mirc ning lwong ciia ion Mn**. Miu vét liéu
cho phat xa tét nhat 1a mau ZnAl,O, pha tap
0,5% ion Mn?* va 0,5% ion Cr®* nung thiéu
két 2 gio trong khong khi, & 1400 °C. Vit li¢u
hép thu manh trong viing tir ngoai va tir ngoai
gan, nén vt lidu phu hop cho dinh huéng tng
dung trong qua trinh trang - phu 1én dén
huynh quang st dung hoi thuy ngén véi phat
xa ddc trung ¢ budc soéng 254 nm va 318 nm,
cling nhu trang - phu 1én cac diot phat quang
st dung chip LED InGaN v¢i budc song kich
395 nm.

Lo&i cdm on

Nghién ctru ndy dugc tai trg tir ngudn kinh
phi khoa hoc cong ngh¢ cta Truong DHSP
Ha Noi 2 cho dé tai ¢6 ma sé C.2018.09.
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