Korean Chem. Eng. Res., 53(5), 620-626 (2015)
http://dx.doi.org/10.9713/kcer.2015.53.5.620
PISSN 0304-128X, EISSN 2233-9558

HOGEGIHOR HIZE SrALOHo™ =M HUH|o| wusy

et s}k
31080 & QA A& HINE 1223-24
(20149 12€ 9 4, 20149 12€9 2689 98 A, 20149 12€ 31 AE)

(¢

Luminescence Characterization of SrAl,0,:Ho>" Green Phosphor
Prepared by Spray Pyrolysis

Kyeong Youl Jung' and Woo Hyun Kim

Department of Chemical Engineering, Kongju National University, 1223-24 Cheonan-daero, Seobuk-gu, Cheonan, Chungnam 31080, Korea
(Received 9 December 2014; Received in revised form 26 December 2014; accepted 31 December 2014)

o
ob)
s
N
1
i)
i
2
=
L
o
o
By
e
oft
ofd
—_>‘i"4
M
i
tlo
&) M
Jo o
12
M
:(g
T
o
2
N
ﬂoﬂ
ke
et
o
2
o to
off
[
PP
e
w
y
ki
)
o
2

w2 A Lo} WF 5448 AR T #

32 AN SrALO,Ho e Ho*'e] °F,S,-°l, Mololl 71913k 733k =4 wsgrg ninh 714 w2 2
Hole Ho'' FEE 0.1%A3L, 1 o149 Fxore &4 o]t AFAAFA 5 g4l o) srEdvdo]
U g 3ee 32435 23l of7] 3949 A Azl wE wsg 3= Wil #FERE SrAlL0,Ho’'Y
g 233AL AojE v E S PEl S A S B B0 R ool ERIFI FAE B
e TAPAl o) AR SHUAA o] EA s & EX Y 2EE 1000 °CollA 1350 °CE F7HA
StALO,Ho™ = $737] Aol Zo) EuA @7gAIe] A4 o] Fd=Att. 28t 1350 °Coll = L3 S
EABIATE FAMHCA E STZHEC)S H7BlE 5 SN2 RE Az 49, SYAA dol 9l
3 AL A Aoz F4E AAAE 7IXE StALO,HOT I AR H AT T {71 HIMA S & N,
Dimethylformamide(DMF)E 580 Yol Zo 22X FFA9] ¥HES IA ZarZ 4 At 2 A3 CA/EG/
DMFE %3 A28 StALO,Ho™" F33A1E §7] F7HE flo] AE F3x)ol vls) @3 37} oF 168% FF=I3eh o=
3 3= S SrALO,Ho 39 AAde] ¢=FalRa, 247384 Shet Bd 298 4z Asela 48

At

"%
N
o ff

oy
o
T
v ox B2 g

Y o = AN 2 O g E

e 2
]

Z
Z

Abstract — Ho>" doped SrAl,O, upconversion phosphor powders were synthesized by spray pyrolysis, and the crys-
tallographic properties and luminescence characteristics were examined by varying activator concentrations and heat-
treatment temperatures. The effect of organic additives on the crystal structure and luminescent properties was also
investigated. SrAl,0,:Ho®" powders showed intensive green emission due to the °F,/°*S,—’I; transition of Ho®". The
optimal Ho®" concentration in order to achieve the highest luminescence was 0.1%. Over this concentration, emission
intensities were largely diminished via a concentration quenching due to dipole-dipole interaction between activator ions.
According to the dependence of emission intensity on the pumping power of a laser diode, it was clear that the upconversion of
SrA1,0,:Ho®" occurred via the ground state absorption-excited state absorption processes involving two near-IR pho-
tons. Synthesized powders were monoclinic as a major phase, having some hexagonal phase. The increase of heat-treat-
ment temperatures from 1000 °C to 1350 °C led to crystallinity enhancement of monoclinic phase, reducing hexagonal
phase. The hexagonal phase, however, did not disappear even at 1350 °C. When both citric acid (CA) and ethylene glycol (EG)
were added to the spray solution, the resulting powders had pure monoclinic phase without forming hexagonal phase,
and led to largely enhancement of crystallinity. Also, N,N-Dimethylformamide (DMF) addition to the spray solution contain-
ing both CA and EG made it possible to effectively reduce the surface area of SrAl,0,:Ho>" powders. Consequently, the
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SrAl1,0,:Ho>* powders prepared by using the spray solution containing CA/EG/DMF mixture as the organic additives
showed about 168% improved luminescence compared to the phosphor prepared without organic additives. It was con-
cluded that both the increased crystallinity of high-purity monoclinic phase and the decrease of surface area were
attributed to the large enhancement of upconversion luminescence.
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Fig. 1. (a) Emission spectrum of SrAl,0,:Ho* phosphor under 975
nm excitation and (b) energy level diagram of Ho*"activators.
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Fig. 2. XRD patterns of SrAl,O,:Ho>* UCP powders calcined at
various temperatures: (a) full spectra (b) enlarged patterns
for (-211), (220) and (211) planes.
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Fig. 6. (a) Emission spectra of SrAIZO‘,:Hoo_{,OfJr phosphors calcined at 1200 °C and (b) Ln-Ln plot of emission intensity as a function of
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Table 1. Summary of emission intensity, crystallite size, R value, and BET
surface area of SrAl,O,:Ho> upconversion phosphor particles
prepared by spray pyrolysis

Relative emission Crsytallite size Surface area

Additive type R value

intensity [%) [nm] [m%/g]
No additive 100 28 0.95 54
CA+EG 124 43 1.08 25
CA+EG+DMF 268 40 1.07 1.6
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