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SUMMARY

[. Title

Light Conversion Nano Particle Manufacture and Application Technology

Development use of Greenhouse Film
II. Purpose and Demand of R&D

Manufacturing technique for nano-sized inorganic phosphors using Hydro—thermal
Synthetic Method
-Phosphors particle Size : <100nm
~Efficiency of light conversion(UV A = 2807400nm: >80%
-Accumulated Intensity:45Cd/m’
-Brightness of Radiation: >180%

M. Details of R&D

Nano-sized emitting phosphors in a film for vinyl plastic hothouse can change
ultraviolet rays into infrared rays.

In present, both of red emitting phosphors, Y20:S:Eu’'and blue emitting phosphors,
Y25103:Ce are widely used in the film. They have a problem which in homogeneous
and micro-size particles. There are several methods to fabricate inorganic
phosphors like gas—phase and liquid-spray methods. Since the gas-phase and
liquid-spray have the problems such as low-productivity and poor—quality
controling, most of oxide phosphors for lamp and informative, so called
hydro—-thermal synthetic method, and characterization of them were carried out in
this study.

- Sol gel Process to precursors of various rare—earth metals and nano-—sized
particles analyses.

- Particle size control by variable factors of electron beam and effect of
additives.

-Optimum reaction condition of light conversion and evaluation of properties.



IV. Application of R&D result

Utilizing techniques of inorganic phosphors by electron beams can be saved the
energy for manufacturing film for vinyl plastic hothouse.

1) Step—up of the vyields and improvement of quality of fruit, increasement of
income due to shortening of production time.

2) More than 10% reduction of heating expenses due to effect of 3~5C in a film
for vinyl hothouse in winter.

3) Domestic production of nano-sized phosphors.

4) Strengthen the competitiveness of our farm production against FTA
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Light Conversion by Size Control of Inorganic Phosphors

ong-Kap Park?®and Yong Choi*®

In-Churl Chq',a

! Zone Infinity Technical Research Center, PyeongTaek, Kyungggi, 451-851 Koreayea

Department of Advanced Materials Engineering, Sunmoon University, Asan, Chungungnam,
336-840 Korea

200: hoo.co.kr, Pykpar ac.kr, © yoct r.ackac.kr

 Light conversion, Inorganic Phosphor, Hydrothermal synthetic, Blue and red
"

| A unique method, so called, hydro-thermal synthetic method was applied to wo produce
| inorganic blue (Y2SiOs:Ce) and red (Y20,S:Eu”) emitting phosphors. 1. Electron
by revealed that the nano-sized emitting phosphor particles have spherical shape v with 23-
Mlee. The particles can cffectively change ultraviolet rays of 1-390 nm to infraredsed rays of
|, which are suitable to promote the growth of plants. The principle excitastation and
spectrum of the red phosphor in  590-700 nm emitting spectrum were in the ret region of
Wl 617nm, respectively, whereas, those of the blue phosphor in 420-470nm . n emitting
Wwere In the region of 254nm and 464nm, respectively. The addition of 0.1-0.22.2 w1% of
Inixed red and blue powders to a film showed the maximum emitting intesitensity of

sount/see.

n
smliting phosphors in a film for vinyl plastic hothouse can change ultraviolet 1t rays into
Ways. Ihe performance cmitting phosphors of the film, which were studied bygby Russia
K. A limiryazey, in 1869, significantly depends on production methods. In presez=sent, both
Iting phosphors, Y>0,8:Eu®* and blue emitting phosphors, Y>SiO:Ce are widelylely used in
ey have a problem which in homogencous and micro-size particles. There arwre several

1o fabirlonte i ic phosphors like gas-phase and liquid-spray methods. Since sce the gas-

Hauld-sg have the bl such as | productivity and p quality cormontrolling,

Ide phosy for lamp and i ive displays are made by solid-state methodbod. Hence,

uly, manossized particles were prepared, so called hydro-thermal synthetic mettr=thod, and
wtlon of them were carried out in this study.

tnl method

Uiting phosphor was prepared by hydrothermal synthetic method with Yttria(Y20:005 99.99%
Cheng Co), Buropium  oxide(Euy05,99.99% Aldrich Chem.Co), (NH):C20400,, Sulfur
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218 3. st 9% Fr]d#HA Yx9dA TEM Microstructure Photographs. (The
10th Internation Symposium on Eco-Materials Processing and Design(ISEPD2009) ¥ 2
B Ei)
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Catmdolummescence Analysm- : !

D:agrarna de cromaticidad C!E 1937 .

para ef ob servador d’e— 2=

Fig.5 CIE chromaticity diagram showing coordinate of (a) YZOZS Eud* (b) Y,51
phosphor prepared by hydpothermal process :

a8 4 FdIAH 98 Erd A Y=g FHAs PLEA (The 10th Internation
Symposium on Eco-Materials Processing and Design(ISEPD2009) ¥ ¥ ®H3f)
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The 7th International Nanotech Symposium~& Exhibition iff Korea
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Ye Ran Jung, Hyun Kyoung Yang, Byung Kee Moon' ,
Byung Chun Chof, Jung Hyun Jeong”, Jung Hwan Kin¥, and

PNC004 Characterization of Nano-sized Blue and Red Emitting Kwang Ho Kim

. Phosphors Prepared by Hydro—thermal Synthetic Method

A\ .U"!—Chl.i "_l Cho ; Yong-Kap Park’ and Yong Chor PNP004 Enhanced luminescence properties of Li-doped

CaTiCu:Pr* thin films grown by PLD under various lithium ion
contents

Hyun Kyoung Yang', Jong Won Chung, Byung Kee Moon',
Byung Chun Chof, and Jung Hyun Jeong", Jung Hwan
Kinm

PNCO05 Production of Ag-Zn Nanocomposites by Electron
Beam Irradiation

Hee—Jung Im", Kwang-Soon Choi, Yang-Soon Park!, Hai-
Dong Cho’, Jei-Won Yeon

DAAANE Dommmondinm b~ bmmdimmnl mmmmdiirm in ok n o dldamn

IEEE NANO 2009 43 ALA
(The 7th International Nanotechnology Symposium 2009 in Korea)
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1) Phosphors Particle Size: 50nm

2) Crystall Size: 100nm

3) Zeta Potential #4F%:-50mV

4) FASEE&(UV A=280-400nm): 80%

5 #FF AUV A=580-700nm): 90%

6) Brightness of Radiation: 180%

7) Accumulated Intensity: 45mCd/m”

8) Film Tension Strength (t=160-180um): 200kgf/cm”

o

DA FAd U)o gt WskaA) Az

Blue Emitting PhosphorZ/d &: Y-Ce-SiOAY-Ce-0O-Si)

o

°o]-&

Red Emitting PhosphorZ/d =: Y-Eu-O-S(Eun-Y,~0xS:)
HA7MA 24 F A3k Ba, Mg, Al, V, P, B, W
Ba-Mg-Eu-Al-0, La-Eu-(VO.(PO,), La-Eu-(BO3)(PO,), Y-Eu—(BO2):(WOy)s,
Y-5m-0-5, Y-Th-0-5, Y-Gd-0O-5, La—Eu-0-5
@%7] Yx BRI AAQE 3 1deheag 25

S S E
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(%)
IR FE deasle #ed &
. A Az Qs TA A 1) Phosphors Particle Size:
A Sol-GelH & ©] _olxlas] o] B A EA 94D 100nm '
R e ] OH‘L - oqx we Tre = 100 |2) Crystall Size: 150nm
T lsaAg BA A A7HA A 3) Zeta Potential &%
BEAEE g9 gua sxe 2e v - 20mV
A B 4) FHBRE
1=
1A 5= NzEE A} (UV A=280-400nm):60%
G009 g lgma 2 4 - =4 2w 24 o P AT
g |37} —WS S A WA EA T (UV A=580-700nm): 50%
! 6) DBrightness of Radiation:
Basisg B 0%
z43 ;;_:, ;}\ lﬁt g A LAY nlay ey 2 100 7)  Accumulated Intensity:
cq ;-_]_— =7 ] L.Zﬂ %% }\] -\EZ{I}_ 20mCd/m2
-AEY R YxeAr)e] FHEt & 1) Phosphors Particle Size:
498 e ) A Az FEFEETE AT 50nm
Al ;LOL H:; A TRARETIAY] B R B fAE 100 2) Crystall Size: 100nm
e Hx_}/] e ? 9 A7lA 4 3) Zeta Potential 4
BEATE _Hue wwn mxe 2 ws =:-30mY
27 9 4) FHBRE
e . (UV A=280-400nm): 70%
- _u 3 S 0] Ex 3
272d = FEE s 57 3z A Jedx 54 H 5) =4
2009 | o la"m ma=e . S e s (UV A=580-700nm): 70%
DHE =24 o S e iAl ke A 100 g Brightness of Radiation:
ST T T s 3 EAEAA 5 100%
7 o .
' A H 7} 7)  Accumulated Intensity:
g g o |TOLEARE EREh e Aok 30mCd/m”
" ﬂ“‘;ﬂL 4 vt ulAE #Hg AHA X 100 |8 Film Tension Strength
A BIAE S u we Am Az (t=160-180m): 150kgf/cm’
“9Ee A4 gug Bde] AA%
Pilot #F¥gi A
AA J2E s |28 SR 3 24 FHA 100 1) Zeta Potential ¥4
oz dE AA (71A H A s = 50mV
= A -Pilot& 24 2 dE i3 Az 2) ARG E
27 3l (UV A=280-400nm): 80%
& 5w _ _ — 3) =
gwE a4 2 UE 454 3 4T
phds | |Agage w0 (UV A=580-700nm): 90%
3 g o Ty ) B = 4) Brightness of Radiation:
e a o TR AEE Plowt FASY | g,
g %onﬁq? ax/\E} = 237t o ‘ 5) Accm}mlated Intensity:
A AT AT gwanad 9@ quaag 2 SBmCa/m’
=T AEAATaY deA 6) Film Tension Strength
g BHE A 2 AETad 2oy HA2A 9 (t=160-180m): 200kgf/cm
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Y195Ce0055105, Y19Eup10:2S1, LaioEue1(VO)(POs), LaisEuei1(BOs)PO4), YioEuo1(BO2)(WO4):,
Y105mo10:251, Y19Tho10:251, Y10Gdo10:54, LaigEu10:5;, (DPhGYH[Eu(TTA).],
Eu(NOs)s(Phen)z, Bazo:MgossEtosMnossSiz0s, BasSiOsEu”, Ya«ThiAlOw, SrALOsEu’ €

AN E Zbe Ywarle 77 g3AE Az

2ol glow, olglgt & s A SRF ™I AEEFOR A o] vhssith
Y195Ce0055i105,  Y19Eu010:S1, LaioEue1(VO)(POs), Y19Gdo10281, Ba:SiOsEu™,Ys«ThxAlsOw,
SrALOsEu” %4 Phospher 20m ©] 3] tpz17]9] gAtEo] FA Gl on, ek g
= ZuAYRZE A S 0T F AT YieSmoe10:5:24 Phospheri= 50mm ©] 3}
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S JAUNEE ZHAYAR FAHY] deE AT F ddvholgd dxegAE HEE
A7tste]l FRA7IE 343 Ay BFEFET) 80%0) o2 yErETE 7] FrE 3 x
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Y1 05Ce0.055105 5713

Photograph Microstructure By HR-TEM

15.0kV X300,000 10nm

S
2]
o
2

SEI

SUN MOON

Photograph Microstructure By FE-SEM
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Y1 oBup 0.8, 71833 A o] A=z

SUN MOON

Photograph Microstructure By FE-SEM Photograph Microstructure By HR-TEM

Lai oBuo 1(VOy) (PO,) 713 FA o] A=

[ 3

SUN MOON SEI 15.0kv X200,000 100nm WD 3.0mm

H2018 B —
%U X56K 188na

Photograph Microstructure By FE-SEM Photograph Microstructure By HR-TEM
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Lai oEuo 1(BOs) (PO,) 713 FA o] A=

SUN MOON SEI 15.0k¥ X200,000 100nm WD 3.0mm

20n

SunMoonUniv EN2818
PYB1B2 200.8KV X200K

Photograph Microstructure By FE-SEM

Photograph Microstructure By HR-TEM

Y1 0Euo 1(BO2) (WOs)» 713333 A=

9 \

€ &

SUN MOON

15.0kv X200,000 100nm

SEI WD 3.0mm

Photograph Microstructure By FE-SEM

Photograph Microstructure By HR-TEM
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Yi0Smo 10:S1 718 F A o] Ax

SUN MOON SEI 15.0kv X100,000 100nm WD 3.0mm

m—
ne

]

2618
90KV k108K

Photograph Microstructure By FE-SEM

Photograph Microstructure By HR-TEM

Y1.0Tbo.10:S1 F-7133 3 A o] A=

15.0kV X200,000 100nm

SUNMOON SEI

WD 3.0mm

Kk 168nn

SunMoonUniv. EN2010

Bl
2 PYB782 200.8KV  K8B i ]

Photograph Microstructure By FE-SEM

Photograph Microstructure By HR-TEM
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Y1.0Gdo 1028 F-7183 3 A o] A=z

SUN MOON SEI 15.0kv X100,000 100nm WD 3.0mm

SunNoonUniv . EN261
PY#883 268.0KV X

[] i—
|

68K S8nm

Photograph Microstructure By FE-SEM

Photograph Microstructure By HR-TEM

Lai oBup 10:S; F7138 3 A o] #|=x=

15.0kv X200,000 100nm

SUN MOON

WD 3.0mm

niv.EN2818 S—
3 200.8KU X186K  SBnm

Photograph Microstructure By FE-SEM

Photograph Microstructure By HR-TEM
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(DPhG®H[Eu(TTA) 4] F718 3 A o] A=

¢

&

SUN MOON SEI 15.0k¥ X200,000 100nm WD 3.0mm

SunNoonliniv, EN2818 —
PY18A3 200.0KU X288K  28na

Photograph Microstructure By FE-SEM Photograph Microstructure By HR-TEM

Eu(NO3)3(Phen), 71332 A=

SUN MOON SEI 15.0kv X200,000 100nm WD 3.0mm

SunMoonlniv,EN2618 e
PY1883 266.0KU X280K  28na

Photograph Microstructure By FE-SEM Photograph Microstructure By HR-TEM
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Bas. 0aMgo osEuo osMno 0551208 F7133 3 A o] A=

SUN MOON 15.0kv X200,000 100nm WD 3.0mm

Photograph Microstructure By FE-SEM

Photograph Microstructure By HR-TEM

BasSi0s:Eu”" F-713 33 A 2] A=

3

SUN MOON SEI 15.0k¥ X200,000 100nm WD 3.0mm

-

SunMoonUniv,EN2010 e
Pu1362 266.0KU X286K  26na

Photograph Microstructure By FE-SEM

Photograph Microstructure By HR-TEM
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Y3 TbyAl:01 F-7133 33 A o] Az

SUN MOON SEI 15.0kv X200,000 100nm WD 3.0mm

SunMoonlniv,EN2018 —
puldpl 208.8KV  X88K 188nm

Photograph Microstructure By FE-SEM Photograph Microstructure By HR-TEM

SrAlO B’ 7133 A¢] A%

” o

SUN MOON SEI 15.0k¥ X200,000 100nm WD 3.0mm

Photograph Microstructure By FE-SEM Photograph Microstructure By HR-TEM
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Excitation of 15 (1 :617 nm)
Excitation of 16 (1, :617 nm)
10000 —— Emission of 15 (1,:395 nm)
—— Emission of 16 (2,,:395 nm)
—— Emission of 15 (»_,:278 nm)
Emission of 16 (,,:278 nm)
8000 — Excitation of 9 (x_ : 615 nm)

Excitation of 13 (i, 615 nm)
Excitation of 14 (1, : 542 nm)

—— Emission of 9 (,,: 282 nm)

S

o, 6000 + —— Emission of 13 (1_: 464 nm)

> Emission of 13 (1_: 394 nm)

‘Z’ —— Emission of 14 (A_; 275 nm)

< 4000 - ——Emission of 2 (1, 267 nm)

= —— Emission of 3 (,,: 287 nm)
——— Emission of 4 (_: 308 nm)

Excitation of 2 (+_: 617 nm)
Excitation of 3 (%, 617 nm)
—— Excitation of 4 (»_: 617 nm)

2000

0 £ VA A s oA
200 250 300 350 400 450 500 550 600 650 700 750

Wavelength [nm]

2% 6. FAY YA FFEAE(PL)
Y195Ce0055105, Y19Eu010:51, LaisEue1{VO)(POy),  LaigEue1(BO3)(POs), Yi9Eu01(BO)(WOy)s,
Y1.95m010251,Y19Tho10:2S1, Y19Gdo10:251, LaioEue10251,(DPhGHIEW(TTA)L, Eu(NO3)3(Phen)s,
Bazou:MgoosEtossMnosSizOs, BaxSiO Eu™, YaThAlsOr, STALOsEW” 9 AW E 2hs e
71e] FANFFAE Az FEYA] 54& A58
FAxE st g JEREHAES FAT A4S ARdsFHAAAv A o= g
A7) g @As BEEon, B3 vAR-eY ZARE AU TEMARZE 4 =
ol HoldaE AAAR Aol HE Aol ed, AAH AXE AAe LA
PH7} 7184 <927l A AW Zeta Potential Value?} = A ¥3}slw, PH=7-9°|4 Zeta
Potential Value -20mV 2 ¥3 3 #2448 vbiiar slolch
PLEA 23 YisCeonsSiOs 71839 737 (Aex)2 254mo] 3L, 337 (Aem) 2 464 =
, Y1oEup10:81 F-7183A2] A7 378 (Nep) 267m o] 2L, E3F 3 (o) 617mmE

AN A ;

2 W F-& LaoBuol (VO (POL) F71 342 o 7] 37 (Ne)2 287mmo] 3L, 337 (Aen) 2 617
mE A Y S Y10Sme10251 771 FBA 9] A7 3 (Ne)S 270mmo] a2, 333173 (Aen) 2 517nm
2 ANYFE UEtdE AS A8 0, Y1The10251 F71@FA 2 o 7] 37 (New)2 273mm
o] i, I (Aep)> 550 = =5 & F-& Y 10Gdo10:S1 771 FFA S o 7] 37 (Aey) S 282 ©]
3, WF A Aew)S 615z A M GBS BaSiOsEu” F7183A4 9 o] 71973 (N\e)& 394mo]
3, WIS Nep) 2 656mE 35 A FF-S Y3 TheAlsOr F71 3334 2] 793 (A2 275m©]
3L, B Nen) 2 542mE 4 F F-S SrALOSEY” F71 83 A9 o 7] 3-8 (NS 254m o] 3L
W (Ne) S 464m = F A G F-S Herde S a8 & JdAvholg g A7Z23%E "The
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Y195Ce005510s, Yi19Eu010251, LaigEuo1 (VO (PO, LaigEuo1(BO3) (PO,
Y19Eu01(BO2)(WO42,  Y19Smo102S1,  Y19Tbo102S1,  Y19Gdo102S1,  LaisEue10:2S,
(DPhGH[EU(TTA)4], Eu(NO3)s3(Phen)s, BasaMgosEuowsMnoesSiaOs,  BaxSiOsEu”,
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AR A FEA(XRD)S oo 2

1. Y1.05Ce0.058105 713333 A o] Az

4

ZTheta )

SUNMOON SEI 15.0kV X200,000 100nm WD 3.0mm

FE-SEM ZZ A}z X- Hﬂ? LAk <9 E 2 (By XRD)

.j_a 16. Y195C6005SIOE‘T‘7] Z 7‘“4 SEM E] XRD H/i]|

_43_




. Y1.0Bup 0.8, F7138 33 A o] A=z

SUNMOON

i

SEI 15.0kV X200,000 100nm WD 3.0mm

b

FE-SEM %4 A}X X-A3d 322 =9 =By XRD)
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f
M
i
o
3
i

313 4

NTENSITY

125

4
380 418 455 405 533 71 BO9 E47 EBS 724 T2 BO0
WAYLELENGTH i

(AMESHZAIN - JHURH Eiiaaies
g ¥=1188 Y=11.18 Z=21.79
%=0,2629 y=0.2538 2=04B633
I:“' : ;
AR u'=0,1905 v'=0.4138
e W HE: 11.1B Cd/sq.m
aL: 19000 M=EWF: -0.0067
Musmig 4 Ra=Eg
R9~15=4F B3 76 93 B4 34 78
L Ee EITET B
RM=32.206 Pr=0012 Pg=0011 Pb:0022
iS4m0 [nm] PEAK: 3587 MLCXE: 334
AN EMRE: 4740 [nm]  #&k: J1.9 [¥]

I 66 Y1s5moaCeSt 2422 Emission Peak (in Hetle Gas/1000C 2hr)
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...........................................................................................................................................................................

Counts SPECTHRUM

INTENSITY

232 4

o ; : . . o
380 418 456 435 571 B9 G647 BES 724 62 Bo0
WAYELENGTH Vo

ABEHTFAZN - BAFZM et
HA=3 ¥=034 ¥=055 Z=1008
u'=02042 v'=04704
HE@  RD? HE: 85 Cd/sg.m
42 Gag? d=Lm: -0.0Mm0
MAB AN+ Ra=2
R3~15=34 83 95 91 92 84 88
HIEYEASH: §
Rt=43037 Pr=0014 Pa=0014 Pb=00ID
ZME:6181 [nm] PEAK:G5E3.2 WEX: B
NESE0S: 4880 [nm] Y=k 39 [%]

...........................................................................................................................................................................

O 67 YisThoOeS: 2429 Emission Peak (in HetNp Gas/1000% Zhr)
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dlo

Y19Gdo OS5 A A 24 E2] FHd3 EHLS o
=

3} Zt}, 317] Data® 243 4
(Aex)2 254nmeo] 3L, W3F 32 (Aep)= 617.5nm YS!

S
44 334 (Blue Phosphor)Z ¥

...........................................................................................................................................................................

Counte SPECTRUM

NTENSITY
g

270
U_Mﬂ\pﬂfﬂkmw — " i
495 533

3|0 418 456 571 BB BT B85 724 BO0 |
WAVELENGTH K
""""""""""""""""""""""""""""""""""""""""""""""""""" CAMERBMAD _BASM,
MEI2H X070 Y¥=157  Z=785
1 #=04095 y=02897 2=03007
MEED W =18 v'=( 4500
Hgdh 1 g 7.57 Cd/sq.m
BrC: 2354 M2 Hi} 0,045

ANHEANS: Ra53
A3~15=70 6 44 -5250 78 E9

A A SH|:
Rt=45958 Pr=0025 Pg=0005 Ph=0.008

ZM2:6181 [nm] PEAK: 13245 ™MCXE: GF
ReEFM3: 6990 [om]  Mek: 19.0 [%]

2 B8 YiaGdnn(eS1 2422 Emission Peak (in He+Ne Gas/1000C 2hp)
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LajoFup10:S, A4 249 #de 542 v 2. 317] Datags #2443 Ay o 7]
A (Aex)2 254nmo] af, TF 532 (Aep)= 617.5nm= A A 3 34 A (Blue Phosphor)® #4245

26847 - oo oo T oo

355:- | - | | _J'A)L’J M :

aan 418 456 435 533 5] BT GA5 T2d G2 aao

WAYELENGTH am

CABESZMAY - BHZA R —
=23 X=1207 Y515 7Z=1.45
x=06511 y=0.3%7 z=00093

AH

SR u'=0 4510 v'=05205

HEgh ®131 g m3.25 Colsa.m
ML O M= LR 00000

ARZBM=: Ral
R¥-15=0 0 0D 0D OO D
4MET AR
Rt=E1.721 Pr=0316 Pg=0002 Pb-000I
FEFR:E176 [nm] PEAK: 190043WEX: B

REEZWE: 6080 [hm] Bk 57.5 [%]

I 69 LagsFuniCeS; 882 Emission Peak (in HetlNe Gas/1000C 2hr)
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Europium(III)Nitrade 4.46g, Ethanol 50ml #7}8le] €3]t § Ethanol 10ml, HE=YE

T2 omolE 889g &3 &2 Wi WA 7Tl L3 Ethanol 15ml, ©] 7Y o}
Yo 8.44g-& Y 3 Hot Plate’ ol /] Magnetic Barg ©] €3} Stirringdto] L 3}A
3 HbgAZIY. vhEE &As ﬂﬁlxﬂi AAE A 7w WH o R XA
Seed® FHAA T 7Axste] o549 F2& JFEALS SAHSAY. SH4E4H3= o
-3 2. (DPhG)H[Eu(TTA)M’ﬁﬁlXﬂ J FAE EAS v 2Y. s
Data® 243 A3 o7 A (Ae) e 254nmel 3, B H3F (Nep) S 617.5nmE 3 43 2
Al(Blue Phosphor)2 4] 5] %1t}

ﬂll

2
i
z 1o

R R. SRS
AR :
a4
T

f
. GBI
=
%
= az2
2A1 -
(2 M 1
|
0 = _HM‘“#’M\‘\M*A" y "":""I U — ;
3A0 418 E71 647 55 724 762 OO0
'HA'!IELENGTII R
e ——————————————— R ————— ;
- HA=xE XER Y=495 Z=313
. . MEF ¥=04205 y=03550 ==0.2244
; SUEM wn2s21 v'=04978
— EHogh 2Bl gk 495 Cd/=q.m
i MRL: Za04 MZCEE: -00167
8] UM EEAAS: Ha=p4
R3~15 =55 B5 B9 66 76 90 B4
HEEU 2|
d Rt=49.841 Pr=0012 Pg=0005 Pb=0.003
ZWME:6181 [nm] PEAK:E21.4 MEXE; 4|
AL SEME: 5040 [nm] MAzk: 33.0 [%]
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BasoEuosMgosMnopsSiaOs A7 2Ad=e 3t EAL vs3 2. 87| Datas #2443+

A3t o732 (Aex) 2 254nmo] 31, 333 (M) 617.5nm= 7 A4 3 334 (Blue Phosphor) 2 #

..........................................................................................................................................................................

Cotnr s SPECTRUM

: BB === = == m e e

: 329

275 |

220

A=

| 8

5 1104
5.5_
n L L] Ll 1] T T L] L] L] 1 E
B0 418 456 495 £33 571 503 B47 685 724 762 gon

WAVELENGTH o 5

'
..........................................................................................................................................................................

(ABEHTHIN - FHUTH> E—
MX12x X=BB1 Y=R13 251212
x¥=02878 w=03071 =z=0405
AR u'=[11884 v'=04524
Mo 5B HE 819 Cd/sg.m
N2 BEE0 S2CEF: 0005
NUMBANL: Aa=05
R9~15=59 B4 93 B9 96 94 99
HHE A= :
Rt=31.245 Pr=0.010 Pg=0011 Pb=0.013
ZME:EIEE [nm] PEAK: 2708 WCXE: g7
RetM M 4840 [nm] Mzk: 17.5 [%]

...........................................................................................................................................................................

O 71 BazsdEunmhgpsMnoesSizOs 2422 Emission Peak
(in He+Mz Gas/1000C Zhr)

...........................................................................................................................................................................
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Ba:SiO Eu” AT7A 24 Ee] BH3 EJS ‘jrgjﬂr 2} 37] Data® 2493
=

New)= 252nmo] L, WF I (Ne)=> 617.50m

3103 4
2482

1862 ~

INTENSI|TY

1241 +

621 ~

i PE— M’-J-\\V’_\M SO

T T T T T T T

W0 418 486 495 533 571 609 647 GO5 74 762 GO0 |
WAVEL ENGTH ol

(AMEZMAD} - JRATM —
MT2E  ¥=R9R7 Y=0226 Z=M2
wngor  R=04862 y=03458 2z=016E0
SR u'=0.3164 v'=05041
EHEgg: MR #HE: 42.26 Cdfsn.m
4cn: @R M2CEE 00237
AMENT S Ra=72
R9~15=-2 54 9| 13 B1 92 9

e et EIPTES T

Ri=48 468 Pr=0137 Pg=0.031 Pb=0013
ZE:6176 [nm] PEAK: 3637 MEE: |53
A8 TR 6050 [nm]  Mzk: 06 [%]
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Y5 ThiAlsOpd 74 24 =29 #Fd3 54L& v
()\.ex)% 274HmO]Jv1, %%ﬂxo]—()\.em)% 5431/11’1'1; ;'_l:

ot E
i
i
_0|L
N
=)
2
Qo
(i
M
i

ol
i
i)
f
N
5=
o2

& dp
o
__>il‘l
Q)
o]
D
=
-
=
@)
w
S
[=p
@]
2
il
Mo T
i
)
32
i)

: Counts SPECTRHUM

19244

INTENSITY

126829

- AV

380 418 456 495 533 571 BO09 Ed7 BHS 724 762 Boo
WAVELENGTH S

(ABEHSMAN - BASM I
MT=R X=20685 Y=098.67 Z=40.31
x=013783 y=05480 2=0.0737

2
ARE uw=01716 v'=05592
Hed: MO L% 299,67 Cd/sq.m
CET-T M2 m 00000

HUEBANS: Ra=0
R3~15=0 0 0 0 O O O
HOEAW AN
At=47.288 Pr=0.154 Pg=0604 Pb=0001
ZIF2:5433 [nm] PEAK: 34501 4 MEX: 31

REH8Z0H: 5620 [nm] Mk f3.2 [%)
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SrALOSEW” ATH =AES FAS 48 tpea 2} 87| Datad A8 47 o
71394 (Aex) 274nmeo] 3, EF TG (Aem)> 543nm,  618nm= A A F F A (Red

y

Phosphor) &2 2 & 21t}

n T L] L) T L] L] L] :
380 418 456 495 533 571 609 647 RS 724 T2 80
WAYELENGTH nm

S St At e e R B CABERSMIN CHUTHy —

HE=21 X=B6%5 ¥Y-=RQ73 Z48%
¥=[14536 v=04404 z=005R!

paau u'=0.2706 v'=05431

e NB o 5973 Cd/sa.m

2k 2500 #zCWx: 00082

ARBBNNS: Ra=gy
R9~15=18 74 69 77 96 81 B9

HIEAEAEH: i
At=47.348 Pr=0131 Pg=0.077 Pb-0.0D4 :

FME:5433 [nm] PEAK:4111.0 WMEE: 31 ]
NY8FMm3:5830 [om] Y=k BO6 (%]

..........................................................................................................................................................................
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Tube Furnaceol Al Ho+N: 7FA~ SHAE-9 7| oA 1,000C 2hr A gl3r 2o gFEA BA
ANE F3ste] Agsid 1 3.3 2

£ 3 HNo7bs FUE9 71014 1000C 2he A& Bte] Y= 24354

HBA AFAXA= & 7] 37 ((Nex) 3 (Ne) CIEyy,
Y195Cen05105 220 619 = 4
Yi9Eu010251 288 615 PSR
LaisEuo1(VO)(PO,) 274 615,695 PSR
LaioEuo1(BOz)(PO.) 270 615,695 2 4
Y19Eu01(BO2)X(WQ4)2 252 615 Z) 2B
Y195me1 0251 254 617.5 7 A8
Y19Tho10:5: 268 617.5 = Al
Y19Gdo10251 266 6175 PSR
LaigEu01025: 278 617.5 Z) 2B
(DPhGH[EW(TTA)4] 278 617.5 2 4
BazauEuosMgo95MnoesSi120s 275 617.5 > A
Ba:SiO;Eu’™ 252 617.5 A 4
Y3« ThxAlsO1z 274 543 =R
SrALOsEu” 274 543,618 2 A

Laj 9Eup1(BO3)(POy), Y19Thp1025;, Y19Gdo10:51, LaioEu010251, Eu(NO3)3(Phen)s,
BazoEuoosMgosMnossSizOs, Ba:SiOsEu”, YaxThALOpe FAEE WAFolr] Axd Fog
o]-gste] A= Air A7 wWE FFEHE EAskAT E44 = VUV-UV
PL/PLE System(PSI Co.)& AF&3lo] Z4 3% o).

-Tube Furnaceoll Al Air AF3E-9]7]eA 1,000C 2h dx st 2ol gAEA HEA43=
Uit 2

7Tl A AR e EEel PLEAZ Y Yi195Ce0055i05 713 A o 713 (Nex) =
254mo] at, W F I (Aem) S 464m= G HFE, Yi9BEuoa10:5: F71dF A of 7] 3%
(Nex) 2 267mo] L, 397 (Aep) 2 617mE 2 Y FS, LaioEuo (VOO (PO 77138 %
Aol o 7] b (Nex) & 287mmol 3L, T B3 (Ne)& 617TmE 24 F WP e7F v ofst
FEfoltt. ol w7 FolA dxfe] Al Abstel] o)gh o w Atm

Y10Eu01(BO2)(WOu)2, Y105me 10251, (DPhGH[EW(TTA)., Eu(NO3)s(Phen)s,
Bazg:EuoosMgossMnosSizOs,  BasSiOsEu”™, YsThiAlsOw F71 8342 o 794 (\e) 3t &34
T Nem)®] A527F 7] 2AEF o] 7 ofd AFejolt
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LaigEup1 (BO)(PO) A T-A 24 & FA% EAL 53 2o 817] Datag 48 43 o
7134 (A& 258nmeo] a2, WHE 34 (M) 592nm, 610nm=E 2 28 34 (Red Phosphor) & #4
= AT}

: Gounts SPECTRUM

—_—
i
———,

- LAV R
1] g g irpea-n " ; : : e o
380 418 455 435 533 571 509 B47 B85 724

WAVELENGTH o

AREHFHAN - FAZ —
&x=1l X=2414  ¥=1397 £=039
x=06268 y=03629 =2=00102

AREY u'=04110 ¥=053%3
Hedk 0N ¥R 13.97 Cd/sg.m
42k 0 425 R 0.0000

AHYBINS: Ra=D
R3~15=0 0 0 0 0 O O

HMEAEALEH:
Rt=37.434 Pr=0053 Pg=0000 Pb=0.000

ZF0H3:532.2 [nm] PEAK: 1600.0 ™E%: 61
NFEZME: 6020 [nm] =k §7.0 [%]
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Y19Tho10:S5: A 74 2Ad=2 F4d3 EA4L2 v Y 317] Datas 4% Ay of 7]
Aex)2 282nmo] 3L, BT (Ney) 2 543nm =z 54 9 33 4| (Green Phosphor) 2 ¥4 5] 31t}
E'"'Ec':i}}%}‘é """"""""""""""""""""""""" SPECTRUM T
© 13506

L e

9704 -

o 77631

.g 5823 |

i 58

3067 -

: 1941 }‘ JM ﬂ

| R LSO SR |
: 380 418 456 405 533 571 600 B47 BE5 724 762 800
E WAVELENGTH i |
¥ CABESZMAD - BRASAy —
i MEI2X]  X=H20 Y5450 Z=63

: = ¥=03664 y=05674 2=00652

: HEEY u'=(l 1615 v'=05627

: HEge 0% HE: 54,50 Cd/sq.m

: oo 0 ML N 00000

: AKENR A Ra=]

! R-15=0 0 0 0O 0O O O
SN A EHI:

. 1181 botlesy

ES:

_85_

£ 9 Emission Peak (in Air/1000C Zhr)l

At=G08:0  Pr=0030 Pg=0145 Pb-0.001
FI3:544.3 [nm] PEAK: 104467 MEX: 35

AzFE 235600 [om]  H&k:

@2 |

l
.
1
1

il



Y10Gdo10:5 1 74 =4 &9 s 54
]_
(e}

(Aex) 2 282nme] 31, L33 (Aep) & 544nmz 254

3 2t 3] Data® w49 A¥ o7
4| (Green Phosphor)® 225 9t}

SPECTRUM

297 +

229 4

INTENSITY

146 4

4 -

A;.MM,L - ;

B9 G647 685 724 762 BOD

WAVEL ENGTH o

ABESFHAN - FATH -t
MI2H X248 Y480 Z=22%
wpgor  X=02903 y=0.4449 2=0.2648
REL u'={14% v'=05161
HEZh M HE: 360 Cd/sqm
azg: 0 43 CHA:0.0000
QUMEAAS: Ral
A%~15=0 D O D OO D
HTIBAWASH: i
Ri=57.728 Pr=0002 Pg=0.010 Pb=0.002
ZMH:5436 [nm] PEAK: 4016 MEZ: 7 :
RESTMB: 5290 [om] M@k 231 (%] |

...........................................................................................................................................................................

O 77 YigGdnCeSt 2825 Emission Peak (in Air/1000% 2hp)|



LaioEup1O:S1 A 74 24 &9 348 544 tha¥ 2} 317] Datag 438 23 o 7| 3-%
Aex) & 282nmeo] 3L, WF 2 (Aep) 2 625nm=E 352 3 F-A (Green Phosphor) 2 &4 = 21t
5'"'2556&}5 """"""""""""""""""""""""" SPECTRUM T
: 510
445 -
L an -
P
1
e
B 223 ; : ;
=
' 148 |
74 |
0 / . . A.Wm.t i ¥ |
380 418 456 495 £33 E71 B9 B47 BAS 724 762 B0 |
WAVEL ENGTH S
(AMERHFZMAN - BAZH) |

AREBANS: Ra=]
R9~15=0 DD 0D OO

AW ASH:

FOF2:5438 [nm] PEAK: 4016 WEE:
AF8 025290 [nm] HAzk:

MRRH X248 Y80 I92%
x=02901 y=0.4449 2=02548

AHEY u'=[, 1496 v'=0.5161
HEZ: 14 #5: 380 Cd/sg.m
a2k 0 M=5m7E: 0.0000

0

M=57.728 Pr=0002 Pg=0.010 Pb-0.002

[
231 [%]

...........................................................................................................................................................................
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L Gounts SPECTRUM

(18]

=

¥u]

=

o
1L

11563

N
5782 - ! I&\_\
=i

r ' T—

—

EIDEIII mé 456 dEIé EEI!%I 5?1I EIIIEII G647 EEé TE:‘II 762 aon
WAYELENGTH o ;
(AMEHZHAN - FRAZH ——
M= X=760.09 Y=RGE 22 7=3437.64
x=01996 y=0.1188 z=0.7218
ARER u'=0.1554 v'=0,2604
HEZ:  GiREE G 566,22 Cd/=g.m
BEE: 0 425 W: 0.0000
HUAEANS: Ra=D
RI~15=0 0 0 0 0 0O O
SIS AAH:
M=3E836 Pr=0093 Pg=0583 Pb=3763
ZME:4456 [nm] PEAK: 457856 MEZ: 769
NEMZME: 4720 [om] Mk B1.0 [%]

o % 79 BarSiOvEy” 2929 Emission Peak (in Air/1000% 2h)
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Y3 ThiAlsO1p A7-A 2459 33 542 o5y 2o} 317] Datag #2438 Ay o 7] 5
A Ae) S 272nmeo] 3, T (NS 450nm= A A8 34 (Blue Phosphor) 2 #2415 ¢l v}
P Counls SPECTHUM
L 4n47? -
P 34690 4
P eu0d
| 23127
I
| g
P 17345 -
| 11863
o
BYEZ 4 l\\kh '
04 Bt = =
380 418 45E 495 K33 =l EO9 E47 EES 724 TE2 BOO
WAVEL ENGTH et
AMEHTMEY - FEFM,

Hi=3l X=760.09 Y=5BE.22 Z=3437.64
x=011596 y=01189 2=07216

R e ve0os s
M G oSG BE6.22 Cd/sqm
42g: 4255 00000 ‘

ANEENA+: Ra=D
A3~15=0 0 0 0 DO D

NS
M=35836 Pr=0093 Pg=0583 Pb=3763

FIH3:4456 [nm] PEAK: 457856 ME%: 769
NTaFud: 4720 [nm]  Azk: 81.0 [%]
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Tube Furnaceol A Air 2R3} 9 7oA 1,000C 2h @& s 22 HFEAH EAAMRE &

st AEstd w49 2}

& 4. Air A3k

714 1,000C 2h I s &

20wt% Phosphor:30g +

1:10 HCI, 1:10 NaCl& AR&ste] PHEA W<

S HAESSI

54 z2Ae g} g

%%jﬂ ;ﬂ:lljﬂ}—}\é% 047] ﬂ]c]—(()\ex) %%ﬂ]c}()\em) CIEXY
LaisEuo1(BO3)(PO.) 208 592,610 PSR
Y19Tho10:25: 282 543 5 20
Y19Gdo10:51 282 544 =
LaioEu010:5: 282 625 =R
Baz g EuosMgoosMnoesSizOs 276 450 2 2B
Y3-x ThxAlsO1s 272 450 2 A
4) 57183 A (Inorganic Phosphors) Y x=H %] HAA A3
-Tube Furnaceol* Ho+N: 7} SHAEL 7)o A4 1,000C 2h 5 2o BALEA S Yo}
H7] 95t ZETAHRIAE ol&3sto] 7] olaF9 HAE ol &4 S FA 8T
-’42 E Blue Emitting Phosphor, Red Emitting PhosphorZA &8 dxgdle] 54 vUx
@S G YA A7]7F 200nmelst g Es SR T2 A8} PH W 3lo| u}

Blue Emitting Phosphor({Y195Ce005510s5), Red Emitting Phosphor(Y19Euc10:51) %A =2 a2+

ST 120gS FAHA| 2 A

_90_

g Mgt PH
Z PH 3~12% %A 24 =439

ERPEY

®




-Blue Emitting Phosphor(Y195Cep0sS105), Red Emitting Phosphor(Y19Eug10:S1) H =2 9]
A AE A= 35, 369 YERAT

3% 5. Blue PhOSDhOI‘ (Y1,95C€o,o5SiO5) 14-1_]_‘%‘:%9] Zeta Potential —i‘;ﬁ 7&374-

M

PH Zeta Potential(mV) +4

1.95 +7.63 R R ARy
3.01 -17.10 I R
5.15 -38.77 T 4=
6.34 -83.10 A - gE
7.60 -102.05 Sl o T R Sl o
9.19 -30.35 A BE
10.61 -25.22 A U
11.06 -13.96 S R
12.25 +246.95 A g At

# 6. Red Phosphor(Y19Eup10:S1) =222 Zeta Potential 574 23}
PH Zeta Potential(mV) A
1.90 +7.63 >3 s
3.00 -17.10 S ofgt
5.10 -32.47 i A
6.40 -94.10 LA v Ss
7.30 -112.40 LA v Ss
9.24 -34.35 A HE
10.00 -26.42 A BT
11.10 -16.96 A BT
12.40 +216.14 i R s e

A%
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-120 =70 -50 -30 -20 -10 -5 -3

Excellent Good Moderate Poor Fair Excellent
Transition
Dispersion Agglomeration

RESULT & DISCUSSION:

-A719] A& A3 Blue Phosphor{Y16CeosS105) Y=t 24-S ZETA Potential MeterS o] &3}
o] BAaAS =A% Ay PH 6.3~7.694 Zeta Potential(mV)zke] -83.10~-102.06%

-A71¢] AN&@43} Blue Phosphor (Yi1:CensSi0s) Red Phosphor(YioEupi0:S1) Wris
ZETA Potential Meters ©|&3le] FEAHdS =4Ad A3zt PH 640~730004 Zeta
Potential(mV)#ko] -94.10~-112.402 FEAHAdo] w]$- 95359t}

-Blue Emitting Phosphor(Y1Ce00sSi0s), Red Emitting Phosphor{Y19Eue10:51)Z A = EF

PH 510~5157H4 42 S A2z A HodA 2ol 38 ddoz 4
= ATt
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7) %7183 Al(Inorganic Phosphors)Ux=¥2S A7lste] Axd AFo 43l
54
Tube Furnaceoll ] Ho+No 7}~ S E9 7] A4 1,000C 2h Ex 2|3k ¥ FJFEA 44
I FFske] AEstd & 854 Ak
F 8 Ho+Np 7h2 SHIE917]01 4 1,000C 2hr I8 3s Be] J3E4 445
T HBA 2AE 3 7] 4 ((Nex) 3 7 (Aern) CIEyy
Y1 0:Ce0 58105 250 619 2 A
Y10Eu010254 288 615 B
LaroEuo1 (VO (PO.) 274 615,695 R
LaisEuo1 (BO3) (PO 270 615,695 2
Y19Eu01(BO2)(WO)2 252 615 2
Y19Smo10:S: 254 617.5 4 A
Y19Tho10:S1 268 617.5 =
Y19Gdo10:S1 266 617.5 2 A
LaisEuo10:S: 278 617.5 2 A
(DPhGH[Eu(TTA).] 278 617.5 2 A
BazsuEu00sMgossMnoesSizOs 275 617.5 4
Ba:SiOs Eu”™ 252 617.5 2 A
Y5 TheAlsOrz 274 543 =
SrALOsEu™ 274 543,618 2 A

718l FA1RB/A =TS 0102wt E2 o E

99.8 ~99.9wt%s,

7 100~150pme] =
g

HE9 &= 70Co =z g

SRR ICER
e

E

¥ 9. ¥ & Extruder$y

0.05wt% &3t 3g=ES
3T}, Extruder @]
¥ 9.3} 2.

o SR s B

=¥l

dl(Poly Ethylene) 1} (Granule)
37l ¥ar

3-63&1:‘_:

lh axkek &
180CoIH, 43

Screw Speed

Hopper Feed
Rate

Roll Speed

Twin-screw
torque

Press at Die
Outlet

96rpm

4kg/h

2.3m/min

6.3A

49bar
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E 10 F193A dedws JUbste Az 459 3Ws 54
=7l A H7HA (Wt9%) uv ] 3} oF
No | €zl = _ #FFEA
Fr0t | Ang
2 95 | melemy | () | (600~700nm)
(wt%6) EPEES A5 6
1| 9980 Y16:Ce00sSiOs 01 | 01 | 280~400 | 80 81
2| 9985 Y 15Eu0.0:81 01 | 005 | 280~400 | 82 80
31 9960 | LawEun(VOO(PO) | 035 | 005 | 280~400 | &4 86
41 910 | LawEuu(BO)(PO) | 08 | 01 | 280~400 | & 83
51 9980 | YioBuw(BO«WO): | 01 | 01 | 2804~00 | 75 77
6| 9980 Y158mi0sS1 01 | 01 | 280~400 | 7 73
7| 9980 Y15 Tho0:S1 01 | 01 | 280~400 | 72 73
8 | 9970 Y19Gdo10:51 02 | 01 | 280~400 | 83 81
9 | 9970 LarsEt6:0:81 02 | 01 | 280~400 | 82 80
10 9980 | (DPhGHIEW(TTAY] | 01 | 01 | 280~400 | 80 75
Baso:BttnosMgossMiossS
11| gggp | THOOTEMSREOESL 1 1 01 | 280~400 | 78 82
20s
12 99.80 BasSiO.Eu” 01 | 01 | 280~400 | 80 84
13 998 Y TheALO1s 01 | 01 | 280~400 | 80 82
1 99.80 SrALOE” 01 | 01 | 280~400 | 78 80
B ATl E TG BA BB AZAEA V, B, W, P La, Mg, Mn, Ba, AL5] 9
2E H7Me 2 E0] B @457 2 3R &S UehiE AR B4 HY IS
Wb A W ALAo] wrl A BAS e AL G



219 81. Blue Phosphor F3¥ A& 1] 7% %2 19
(& X30,000)

82. Blue Phosphor 3} x}-& n| 7] % =]
(4% X80,000)

Blue Phosphor (Y195Ce0sSi0s) Y2l TEMZEZZ o2

o}

L

Ui A7) 7) 20nme] sk ke

70000

(b)
60000

50000
40000
30000

20000

Indensity (A.U.)

10000

-=== Emission
E xciting

-10000 L L L I
2 300 400

)
)

W avelength (nm)

19 83. Blue Phosphor CL(Cathodoluminescence) & 34E4
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= i

713 84. Red Phosphor F3}72& |7 7191 85. Red Phosphor F3}% 2}¢lw] 7
22 (W& X30,000) Z2] (W] £ X80,000)

Red Phosphor(Y 19Eup10:81) =829 TEM%XZA o= uUx AA=7]7F 20nmelstE #&4
=

12000

(a) - === Emission
E xciting

9000

e

6000

3000

Indensity (A.U.)

«
.
1

Seeecaaan

-

.
.
.

.
-—— - - - - - - - - Ve -

0

200 250 300 350 400 450 500 550 600 650 700 750

W avelength (nm)
718 86. Red Phosphor CL(Cathodoluminescence) & % EA]

A 308nm= Hu 49 =a
<3|

g = o
F AEAE 61T WYALE s e, ol A ao A Ao wHEge U

%
AotRe of EHFst= FJFA Colors CIE1913’—‘H§+E | YERd Aottt X=0.6709 Y=0.325

28 2 FrE 2
D6k W SAENE Aonmel A AT UAALE 23t 9owl, 494D 24 WAAD

BEQ S e,
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Diagrama de cromaticidad CIE 19317

para ef observador de 2=

WS
Bierdhogdar

219 87. CIE chromaticity diagram 24 =}3E
(a) Y20:S:Eu3+ (b) Y2SiOs5:Ce phosphor

% 872 FAFES YoSiOsiCe FHFA o tste CL(Cathodoluminescence)5/d-& ZF4 3%
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9) 7Idg FA 4-Aolg v

i

F Az % 54 37}

A AE HES AlZxsr9ste] dRvF 095, A7 2,400~3,00091 A E =& g o 2wl (Low
Density Poly Ethylene'LDPE)-& AF&3lAth %4 Extruder®Z 10kge] AEEZE|o| &l
(Low Density Polyethylene) 22| (Granule)= Blue Emitting Phosphor lkg % Red
Emitting Phosphor 2kg ¥} 437 &3+3e] Master Batch& Al 23}t
LDPES] d&3E =7 ¢3F9] IRGANOX 1020(Ciba Co.)E Polyethyleneol] ©&}e] 1:109]
H &2 2313t o, TINUVIN 622(Ciba Co.)9} 72 Ternary Amines #7}8td A fiks)
S5 Alsk weld, 7AE S0l s AH TINUVIN 622(Ciba Co.)el H7hEL A
WX Polyethylene(LDPE)e| th3}110:0.57} 474 3} T}

-05M*1 Extruderel Al 100kg2] LDPE granule® 2kg®] &2} Master batchE #d3}7] &
ek ohe 175~185C7HA] 7hEste] §§385 2kgming H$EZ HEE A 252 1
719k ol e " rlE EolgolFTHA AA Im9 dieE Fdto] Holds: YA A =di
7+=t}. Blu Emitting Phosphor®} Red Emitting Phosphor®] #7}F&¥ Relative Brightness

of Radiation(26)@} Accumulated Intensity(mCd/m®)& ZAso] AgS B89}

F 11 F79BA HvtEd 2Ee FHIEA

.

2 XA E (BluetRed Phosphor) )
A Relative Accumulated
No. A7} Brightness of Intensity
LppE | bue Red | 9M8 | (wt%) | Radiation(%) | (mCd/m®)
Phosphor | Phosphor | Al

1 99.5 0.1 0.1 0.3 0.2 100 12
2 99.4 0.2 0.1 0.3 0.3 124 30
3 99.2 0.25 0.25 0.3 0.5 187 48
4 99.4 0.05 0.25 0.3 0.3 114 19
5 99.3 0.15 0.25 0.3 0.4 127 37
6 99.6 - 0.1 0.3 0.1 76 2
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-Blue Phosphor #r&fo] F7la,E Auld Ju7|7 S718ty, 3A s8R S/t A=

[¢]
25 3lth. Red Phosphor ©5 0.2 H7bAl #shg o] Wojx= A5 &< & 5 AUk

-271e] A3}E g o2 Polyethylene(PE)+Ethylene Vinyl Acetate(EVA)Z 3% 34 g}
F7183A4 B el E2AA, FEHAAE FU3 e Pellet-s AlZXd & cZgold ZEAX
A2 7ha2% 160~180TCo A F7 100~150m= ZE5S A X33

S w38 B2 7] (Photoluminescence Analyser)E o] &3] A FA71E =AH3s}

& 12, BHSkA Hobeke] whE FHE B8

¢ ZA Wt% t%) (Wep) Counts/sec)

1 96.80 B2+ R1 0.10 1.5 1.7 270

2 96.65 B2+ R1 0.15 1.5 1.7 404

3 96.60 B2+ R1 0.20 1.5 1.7 641

4 96.70 B1+R2 0.10 1.5 1.7 214

5 96.65 B1+R2 0.15 1.5 1.7 342

6 96.60 B1+R2 0.20 1.5 1.7 512

7 96.70 630T 0.10 1.5 1.7 178
*B2+R1: Blue Emitting Phosphor : Red Emitting Phosphor H|&©°] 2:1 2A4&
*B1+R2: Red Emitting Phosphor : Blue Emitting Phosphor H|&°] 1:2 2A4&

*Blue Emitting Phosphor : Yi95Cen 5910535273 &
*Red Emitting Phosphor @ Y sEug 105,24 &=
+*630T: #]Alo} Plastopolyoner FHIEL AL L&
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= ddeR Aladn

209 ZAL 0.05~0.5wt% 9]
H Red ¥ Blue #¥ :@lxﬂﬂ uv

Emitting Phosphor”} Atgt ¥F3-3}=
Apsk WE)S FHE owEe o
freste] oFzke] 10~50%
Bk ohye} ofztel &

KeN
=

- 100 -

o] 43}, Red Emitting Phosphor :
3ol @A YEtar

4% wrpe
o Avw P4 G a4

ZAFEE UVHo

: Red Emitting Phosphor H] €] 2:1

Blue Emitting
AT}

)

Blue Emitting Phosphor”} &g}
¢12 Blue Emitting Phosphor7}

gt

o
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10) AAZFAZ 2 EA A7}
~Blue Phosphors(Y165Ce0059105) 2t Red Phosphors(YigEup10:81) S Z33le] AFE-31S T}

STEP-1)

10kg?] &5 AZ3H719935F] 0.05kg9] Blue Phosphors(Y195Ce00sSi0s)2F 0.2kge] Red
Phosphors(Y1sFug10:S1)E Weighting ¢+ & AP A Sl 2P 2] Al (IRGANOX 1010(£~9] =
Ciba Co.) 0.05kg, FAA(TINUVIN 622(2~9 2 Ciba Co.) 0.3kg, 'YX Polyethylene
2kgs Yil 100CE 7FE ¥ Rotary Mixel Fdste] 1A17F &< =333l T).

o] EFEL FHY AT (Extrudens] HolA £ Fdol=e] £EE 150
A9 W ZEBoR AES ALta YA5EE o §3

]_
+ 5~10mm Granule @ e = A F3to], Master BatchE A %3}3i ).

STEP-3)

©] Master BatchE A}&3}¢] Twin Head ExtruderE o]&3le] 352 A5 & Ax3av 4
59 Alx TAFT 259 WSol= 15%9] Master Batch® 5159
v Z ol = 50%9] Master Batch® AHg3st9ow, 359 FAETE AEE Polyethylene s &
oAt WS QHERe] SH(Fog)7t Hel= As WAEH7] fAste], & oleds #d dde %

7] $3te] FAAE HUFsE Y olul ZE9] FAE 180me] vt

'y
(o8]
X
o
=
o
7
a8
=
v
=
i

e B oxbdx AR AP A|ZEo] Master Batch 2 Flme] AlAZ APAS AA] 8t
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15%6 MASTER BATCH 35% MASTER BATCH o0% MASTER BATCH

A5 A 2FE (t=180m)

713 83 MASTER BATCH 2 FILM¢| AlZHE A7)
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13 89. Micro Peel Strength Tester

_ZM_!

204

kgf/cm®

Hr

.
;oo

180m)

(t=

Film Tension Strength

}e] NHECR A

o 2},

~
—
B

H
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i
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I
E
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=
=
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Ho ﬂo \:A
=
=
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11) Yx==719 3373 AZALAE o] & 1= dF Pilot AN FHE5A

A7},

~BEAEE 98 BF ARAZAN QU el FuekANA BA Wz
YT 2A0E FT TYEL AT IAUHE2E FAT BFS Az

A zAde g 2
D sk e2g 59 A 8 2] vt 2ol Alx otk
213]) 77 0.08mm, ¥ °l: 550cm, Z°]: 100m

W3]) F7A: 0.07mm, % ©]:470cm, Zo]: 98m

iy

2) AlxEAL a3 2,

Loy =5 Faololof &l oyl IR, WY e Ha2Es ol=s Alx 8%

2. LDPE 99.7wt%, Inorganic Phosphors(Red+Blue) 0.3wt% AFstHFA] A Trganox 1010 or B225
0.06wt% F<FAA Tinuvin 622(ciba Co.) 0.03wt% -4 Al 7}

Master Pellet A&
1) LDPE Granul 100kg + Inorganic Phosphors 30kg ——>Mixed + Irganox 1020 10kg +
Tinuvin 5kg + Hexene bkg &¢-->175-185C Extruder ¥¢ (Master BatchA| % (150kg)

e Ax

1) 1000kg LDPE Granul + 20kg Master Batch(20wt% Phosphors)-——> Mixing--->157-18
5C7F49 -——> 2kg/min Speed ZE& A%
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LDPE-Polymers]  ##hei e 47129 AzFHon Azd vay ddon o7

1% 909l A A 8o

MASTER PELLET

19 90. NANO-PHOSPHER POWDE
EAR A FAE B/ SRR AS Y

)

M
=
—
o
=
PN
N
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W] Capacity: 20,000 Ton/year

Folder

Extruder, Die, Pinch-Roll, Z-

F QA
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SCI A7HE =

Light Conversion by Size Control of Inorganic Phosphors

In-Churd Cho*, Yong-Kap Park and Yong Choi
*Zone Infinity Co.,LTD, TechnicalResearchCenter,PyeongTaek,Kyungggi,451-851Korea
Department of Advanced Materials Engineering, SunmoonUniversity,Asan, Chungnam,336-840Korea

A unique method, so called, hydro—-thermal synthetic method was applied

Abstract:
to produce nano-sized inorganic blue

(Y5Si0s5:Ce)andred(Y20:S:Eu’ *)emittingphosphors.Electronmicroscopyrevealedthatthenano-sizede
mittingphosphorparticleshavesphericalshapewith23-50nminsize.Theparticlescaneffectivelychange
ultravioletraysof1-390nmtoinfraredraysof750nm-1mm,whicharesuitabletopromotethegrowthofpla
nts.Theprincipleexcitationandemittingspectrumoftheredphosphorin
590-700nmemittingspectrumwereintheregionof308nmand
617nm,respectively,whereas,thoseofthebluephosphorin420-470nmemittingspectrumwereintheregi
onof254nmand464nm,respectively.
Theadditionof0.1-0.2wt%ofthe2:1mixedredandbluepowderstoafilmshowedthemaximumemittingint
ensityof 537x1000 count/sec.
Keywords: Light conversion, Inorganic Phosphor, Hydrothermal synthetic, Blue and red phosphors
* corresponding author :

ri
F

SCI A4+

syntnetic Process|

—
LY introduction

Light Conversion by Size Control
of Inorganic Phosphors

The 10th International Symposium on Eco-materials.
Processing and Design

- XA Anabsis

Wammww

TEM Mcrographs of Phosonors

Emitting phosphors of vinyl film

™= Cathodoluminescence Analysis |
= ‘Adding amount
wthl o 0.15 02

sSample

80x1000 3051000 | 5371000
Red + Bue Phosphor (211 | Photon Phofon Photon
countsisec | counts/sec | counts/sec

Emission and Excitation Spectra of red and biue phosphor

w ot |
@ Toluene/Ethanol solvert : 1 : 1 mixed
309 added to 3009 of @
@ After solution at 80°C In water bath, 0.1~0.2wt.%
phosphor powder added and agltated for 30min.
@ Preparing phosphor film by taps casting with thickness 1004 In

gless
® Drled &t 80 for 4 hrs. and properties of phosphor

~ (_pad Emiming Phosphor ) v 1913 X-0.6709.y-0.825
+ (_Biue Emiting Phosphor ) V:Si05Ce CIE1S13 X=021.y=005 AimTmeesy
o
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Light Conversion by Size Control of Inorganic Phosphors
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Abstract: A unique method, so called, hydro-thermal synthetic method was applied to
produce nano-sized inorganic blue (Y2SiOs5:Ce) and red (Y20:S:Eu+3) emitting phosphors.
Electron microscopy revealed that the nano-sized emitting phosphor particles have spherical
shape with 23-50nm in size. The particles can effectively change ultraviolet rays of 1-390
nm to infrared rays of 750nm -1mm, which are suitable to promote the growth of plants.
The principle excitation and emitting spectrum of the red phosphor in 590-700 nm emitting
spectrum were in the region of 308nm and 617nm, respectively, whereas, those of the blue
phosphor in 420-470nm emitting spectrum were in the region of 254nm and 464nm,
respectively. The addition of 0.1-0.2 wt% of the 2:1 mixed red and blue powders to a film

showed the maximum emitting intensity of 537x1000 count/sec.

Introduction

Nano-sized emitting phosphors in a film for vinyl plastic hothouse can change ultraviolet
rays into infrared rays. The performance emitting phosphors of the film, which were studied
by Russia scientist, K. A. Tmmiryazey, in 1869, significantly depends on production
methods. In present, both of red emitting phosphors, Y20:S:Eus+ and blue emitting
phosphors, Y2SiO3 :Ce are widely used in the film. They have a problem which in

- 122 -



homogeneous and micro-size particles. There are several methods to fabricate inorganic
phosphors like gas-phase and liquid-spray methods. Since the gasphase and liquid-spray
have the problems such as low-productivity and poor-quality controlling, most of oxide
phosphors for lamp and informative displays are made by solid-state method. Hence, in this
study, nano-sized particles were prepared, so called hydro-thermal synthetic method, and

characterization of them were carried out in this study.

Experimental method

Red emitting phosphor was prepared by hydrothermal synthetic method with
Yttria(Y203,99.99%

Aldrich Chem. Co), Europium oxide(Eu203,99.99% Aldrich Chem.Co), (NH4)2C204, Sulfur
powder( S :99.99% Aldrich Chem.Co), Cemia(Ce0::99.99% Aldrich Chem.Co), and
Silica-sol(30%Aldrich Chem.Co). The average size of the product is about 23~50nm. Blue
emitting phosphor was prepared with Y203, CeOs powders and silica-sol (30%) in aqueous
NH; solution at 95°C. The average size of the product is 37.5~45.80nm. Both powder
samples were heat treated at 1000 C for 2 hours to improve crystalline. Photoluminescence
(PL) was determined by PI/PLZ system with

Xenon Flash Lamp. Powder characterization was camied out by High Resolution
Transmission Electron Microscope(HR-TEM), Differential Thermal- Gravity analysis(
DT-TGA) , respectively.

Results and Discussions

Fig. 1 is TEM images and diffraction patterns to show powder morphology after annealing
at 1000C for 2 hours. Powder size of Y20:S5i0s:Ce, Y20:S:Eu:s are changed from
23~50nm to 48~75nm and from 37.5~45.8nm to 57~94.3nm, respectively. The powders have
spherical shape with pore inside, which means that the growing of the powders occurs
mainly during the heat treatment. X-ray diffraction analysis slowed that crystalline occurs in
which pores due to OHradical disappear and density increases by heating.
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Fig.1 TEM Micrographs of (a)Blue phosphor(Y2SiOs:Ce) and(b) red phosphor (Y20:S:Eus+ )

after firing
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Fig. 2 is typical DT-TGA curve of blue and blue phosphors. As shown in Fig 2,
endothermic peaks due to dehydration of absorbed water exist at 79.65°C for Y20:5i0s:Ce.
They were also observed at 73.11°C for Y20:S:Eu+3. The endothermic peaks due to
dehydration of crystal water of them are 192.56°C and 179.95°C, and 269.31°C,
respectively. The peaks at 415.25°C, and 654.98°C seem to be by OH-radical. Finally, the
peaks 327.30°C and 725°C are due to bum out of organic matters and crystallization of
Y2Si0Os:Ce. These support that an optimum annealing temperature is above 700°C.

Weight

Ok T Heat Flow
160.13°C

=

19256C

=
n

92

Weight (%0)
Heat Flow (nmw)

-14 N 1 N 1 N 1 N 1 N B
0 200 400 600 S00 1000

Temperature("C)

Fig.2. Typical DT-TGA Curves of blue phosphor (Y2SiOs:Ce)
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Fig.3. Photoluminescence(PL) data of red phosphors:Y,0,S:Eu’~

Fig.3 showed the results of photoluminescence measurements. As shown in Fig. 3, the
wavelength of excitation and emission of the red phosphor :Y20:S:Eus+ were 308nm and
617nm, respectively. Polyvinylbutylene(PVB) film with 0.1~0.2wt% red/blue phosphor
powders contain of the ratio of 2:1 shows photoluminescence of 537x1000 count/sec. The

red phosphor showed high intensity of phosphor than conventional products.

Conclusions

1. Blue and red emitting phosphors formed by hydro-thermal synthetic method have
spherical shape and change their size from 23~50nm to 48~75nm for blue phosphor
(Y2SiOs:Ce) and from 37.5~45.8nm to 57~94.3nm for red phosphor( Y20:S:Eu+3) by
annealing at 1000°C for 2 hours, respectively.

2. Thermmal analysis by DT-TGA revealed an optimum annealing temperature of blue
phosphor is above 700TC.

3. Photoluminescence measurement shows that the red phosphor prepared by this study has

higher intensity than conventional products.
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Characterization of Nano-sized Blue and Red Emitting Phosphors Prepared by
Hydro-thermal Synthetic Method
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Abstract : Nano-sized inorganic blue
(Y2SiOs:Ce)andred(Y»0.S :Eu3)emittingphospho rswerepreparedbyhydro-thermalsyntheticmethodan
dcharacterizedbyelectronmicrocopyandphotoluminescencespectroscopy,respectively. TEMandFESE
Mshowedthatthenano-sizedblueandredphosphorshavesphericalshapewithuniformdistribution. Anneal
ingresultsinchangingtheirsizefrom23-50nmto48-75nmforY,SiOs:Ceandfrom37.5-45.8nmt057-94.3n
mforYZOzS:Eu+3,respectively.EXcitingandemittingwavelengthofthemare308nmand617nmf0rY202S:
Eu+3,254nmand464nmf0rYzSiOz:Ce,respectively. The PVB film with 0.2wt% red/blue phosphor

powder mixture shows the maximum photoluminescence of 537x1000 count/sec.

Key word : Light conversion, Inorganic Phosphor, Hydrothermal synthetic, Blue
and red phosphors
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Characterization of Nano-sized Blue
and Red Emitting Phosphors Prepared
by Hydro-thermal Synthetic Method

In-Churl Cho+, Yong-Kap Park and Yong Choi

-Zone Infinity Technical Research Center PyeongTaek, 451-851 Korea
Dept. of Advanced Mat. Eng., Sunmoon University, Asan, 336-840 Korea

[y introduction

@ Inorganic emitting phosphors to convert ultraviolet to visible rays for the growth
of plants are required for a film of vinyl plastic hot-house.

@ In this study, a unique method, so called, hydro-thermal synthetic method was
applied to produce nano-sized inorganic blue (Y,SiO;:Ce) and red (Y,0,S:Eu*3)
emitting phosphors.

® Performance tests with microstructure of the nano-sized emitting phosphors
‘were carried out with HR-TEM, XRD, DT-TGA and PL/PLE, respectively.

Light emitting films (hot-house)

[y Experimental Procedure

[Starting materials

Table 1 Chemical Composition of Phosphors

Chem, Comp.

%]y Si-Sol 3
HETEES = U0 RCeos RELC Clm\[egt a0y | Sulfur | SUM
Red Phosphor T - - :
(Y,0,8:Eu%*) 6052 1t 2511 100
Blue Phosphor e "
(Y,510,:Ce) 45.0 | 5.0 50.0 100

1. As reagent, Y,0; (99.99%), Eu,0; (99.99%), Sulfur Powder, CeO,
(99.99%), Si-Sol were used.

2. The composition of red emitting phosphor [Y,0,S:Eu®*], blue emitting
phosphor [ Y,SiO:Ce] were prepared.

Synthetic Process|

Rare-earth metal oxides
a) Y-Ce-Si.

| mixing Melting, Reduction |~ Refining.Filtering |
b) Eum-Yn-Ok-Si g g
!}Kﬂﬁ;; Hydrolysis ﬂ'ﬁtb Hydrothermal synthesis
- ~ Heat treatment m. Surface treatment ‘

L 3 Product

Evaluation

+ HR-TEM
+ XRD, DT-TGA
4 PL/PLE

QH&SU"S and Discussion

TEM Micrographs of Phosphors

8D s0ISEk ()

* L DESIOL (@)

(Before firing) (Fired at 1000C)
Fig1 TEM micrographs of red phosphor (Y,0,S:Eu%) and blue phosphor(¥,SiO,:Ce)

Explain of TEM micrographs of phosphors

1.The particle size of red emitting phosphors with Y,0,S:Eu+®
increases from 37.5-45.8 nm to 57.0-94.3 nm by firing.

2.The particle size of blue emitting phosphors with Y,Si05Ce
increases from 23.0-45.0 nm to 48.0-75.0 nm by firing.

3.Electron Beam pattern image revealed that the firing enhances
degree of crystalline of the nano-sized the emitting phosphors.

4.The annealing improves particle density by removing pores. A
higher annealing temperature tends to be higher particle size.

N —
e

© Cerium Oxide : CeO,

© Yiuium Siticate © Y, Si0,
~ Silicon Oxide : SiO,

Itermity (AL

Fig. 2. XRD patterns
+ Before sintering
o (a)After sintering at
1000°C

0 4o
Two Theta (Degree)

DT-TGA Curves of red and blue
phosphors

s wo T Fiz 3 are DTTGA curves of
B = hydrothermal synthefic powders
i =

‘Typical DT-TGA curve of red and
biue phosphors. As shown in Fig 3
endothermic  peaks due to
deliydration of absorbed water
exist at 79.65C for Y,0,8i05:Ce.
They were also observed at
73T for Y,0,S: Eu The
endothermic peaks due to
deliydration of crystal water of

them are 192.56C and 179.95C,
and 26931C, respectively. The
peaks at 41525C, and 65495C
seem (0 be by OHL-radical. Finally,

the peaks 327.30C and 725T are

These support that an optimum
amnealing temperature is above
700C.

ey

,Si05:Ce blue phosphor
|

&
Fig.3-b. DT-TGA Curves of
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Emission and Excitation Spectra of red and blue phosphor

@ Y,0,88 |

1. Fig.4. Emission and Excitation
spectrum of red phosphor:Y,0,S:
Eu*, and blue phosphor: Y,SiO;:Ce.

Wavelength (um)

(®) Y,S04Ce

2. Exciting and emitting wave length of
are them are 308nm, 617nm for red
phosphor, 254nm and 464nm for blue

‘ A phoshor, respectively.
v T

T o
Wavelengch (um)

Fig.4 Emission and excitation spectra of phosphors

Cathodoluminescence Analysis

Diagrama de cromaticidad CIE 1931
para ef obs. or de 2

Fig.5 CIE chromaticity diagram showing coordinate of (a) Y,0,S:Eu* (b) Y,SiOgCe

phosphor prepared by hydrothermal process

+ _Red Emitting Phosphor | Y.0,S:Eus* CIE1913 x=0.6709, y=0.325 J

+  Blue Emitting Phosphor | Y2Si05Ce CIE1913 x=0.21, y=0.05

Emitting phosphors of vinyl film

e Adding amount
T wt%) 01 0.15 02
Sample e
80x1,000 345x1,000 537x1,000
Red + Blue Phosphor (2:1) Photon Photon Photon

@ Toluene/Ethanol solvent : 1 : 1 mixed
® 30 g polyvinylbutylene(PVB) added to 300g mixed solvent of @
® After solution at 80°C in water bath, 0.1~0.2wt.%
phosphor powder added and agitated for 30min.
@ Preparing phosphor film by tape casting with thickness 100 in
glass
® Dried at 80°C for 4 hrs. and properties of phosphor
film measured

Q Conclusions

1.Blue and emitting phosphors formed by hydro-thermal synthetic
method have spherical shape and change their size from
23~50nm to 48~75nm for blue phosphor (V,Si0;:Cel and from
37.5~45.8nm to 57~94.3nm for red phosphor(Y,0,S:Eu*3), respec-
tively.

2.Exciting and emitting wave length of them are 308nm, 617nm for
Y,0,S:Eu*3, 254nm and 464nm for Y,Si0,:Ce, respectively.

3.Polyvinylbutylene(PVB) film with 0.1~0.2wt% red/blue phosphor
powders contain of the ratio of 2:1 shows photoluminescence of
537x1000 count/sec.

- 130 -



Fabrication of Nano-sized Emitting Phosphors for
Photoluminescence Films by Hydro-thermal Synthesis

Young-Wung Moon', Yong-Kap Park’, In-Churl Che?, Yong Chai**

'Department of Advanced Materials Engineening, Sunmoon University, Asan 336-840, Korea
Department Technical Research Center, Zone Infinity Co. LTD., Pyeonglek 451-852, Korea

Mano-sized red and blue emitting phosphors for & photoluminescence film were fabricated by
hydrothermal synthesis through scrl-gal process, The nano-sized phosphors have sphencal
shape such as 60-110nm of Y,0,5: Eu® and 45-90 nm of Y;Si0, Ce phosphors, res.pac:twelaa
Firing at 1000 °C for 2 hours resulls in increasing their size to be 80-120nm for Y; 0,5 Eu
and 70-160 nm for ¥,Si0s Ce phosphors, respectively. Heat treatment of the gel powders of
the emitting phosphors above T30T was recommended bacause of their crystallization The
maximum exciting and emission intensities of the red and blue phosphors with ;0,5 Eu™
and ;5105 Ce was al the wavelength of 308 nm and 617 nm, and 254 nm and 464 nm,
respectively, PVB film with 100 pm in thickness with the nannrstzed phosphors showed the
maximum photoluminescence of 537x1000 count/sec

Keywords: CONVERSION, INORGANIC PHOSPHOR, HYDROTHERMAL SYNTHESIS,

1. INTRODUCTION

A wvinyl film with emitting phosphors has been
atiractive attention because it changes ultraviolet rays
into infrared rays for plant growth.' Since its light
conversion efficiency depends on emitting phosphor
size, nano-sized emitting phosphor is recommended.’
There are several methods to produce the nano-sized
phosphors such as gas and liquid phase spray and solid
state methods.” The gas and liquid phase-spray have
low-productivity, whereas, the solid state method has
poor-quality comtrol due to a high caleinations
temperature, Recently, hydro-thermal synthesis method
has been proposed because of its advmnges to control
particle size and agglomeration® Although there are
lots of studics about fabrication of emitting phosphors,
little information is available about synthesis of nano-
sized emitting phosphors.” Hence, the objectives of this
study are to prepare nang-sized emitting phosphors by
hydro-thermal synthesis through sol-gel process and to
analyze their photoluminescence.

2. EXPERIMENTAL METHOD

Raw materials for emitting phosphors, as shown in
Table 1, are yirium oxide (Yy0,, 99.99%, <lpm),
eurppium oxide (Eus0y, 99.99%, <lpm), ammonium
oxalate ((NH4),Cy0,, 99.99%, <|um), sulfur powders

(S, 99.99%, <lum), cerium oxide (CeQ, 99.99%,
<] pum), and silica-sol (30% solid).

T-.hje 1. Chemical compasition of emitting phm‘phm bath [we, %

| sample | Y;0; | CeO; | Eu;0y | Si-Sol | Salfur |
[ Red | 692 | - | 77 - 23.1
| Blue | 450 | 50 | - 500 |

Red phosphor slurry with Y;0,5:Fu’" was prepared
by solving the powder mixture of yitrium oxide, cerium
oxide and sulfur in aqueous nitric acid solution at 95°C.
Blue phospher slurry with ¥:5i0,:Ce was prepared by
solving the powder mixture of yerium oxide and
cerium oxide blended by silica-sol in aqueows nitric
acid solution at 95 T . Both slurries were hvdrolvzed to
be 0.5 % solidity adding distill water. A hydroxide gel
was ohtained by adding NH.OH as a neutralizing agent,
The solutions were heated at 130 °C for 2 hours to be
dense slurry after adding silica sol (7 nm, 15%) and
distill water. The dense slurry was finally kept a1 1000
"C for 2 hours in air for hvdrothermal reaction o obtain
fine powders of Y05 Ee"  and  Y.Si04Ce
respectively

Photoluminescence (PL) was determined by VHU-
UV PUYPLZ spectrometry (Oxford |515310, UK)
Microstructure observation and phase identification
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were carried out by wansmission electron microscopy
{leol JTM 3100F, Japan) and X-ray diffractometry
(Rigaku, DIMAX2200HR, Japan), respectively. Phase
change with heat treatment was determined by
differential scanning calorimetry {(DSC-5650, LIsA)

3. RESULTS AND DISCUSSION
3.1, Microstructure and Phase Identification

Fig.1 is bright field images (BFI) and selected arca
diffraction (SALD) patterns of red and blue emitting
phosphors before and afier hydrothermal resction at
[ On0"C Iur 2 hours in air, respectively. As shown BFI
in Fig. 1, both of the as-received emitting phosphors
are _~.|'-;':...-: ical particles. SAD patterns reveal that they
are nano-sized particies. The spherical red emitting
phosphor particles were 60-110 nm in diameter, which
became 90-190 nm in diameter after firing. Blue
emitting phosphor particle were 45-90 nm in diameter,
which became 70-160 nm after firing.

Fired at 1000°C

As-received

Fig.1 TEM images and diffraction patterna of red (¥:0:5:Ev™) and
bloe phosphors (Y50 Ce)

3.2, Phase Identification

Fig. 2 and 3 are X-ray specira of the red and blue
emitting phosphors with ¥,0,S:Eu’" and before and
after firing at 1000°C for 2 hours in air. As shown in
Fig. 2 and 3, crystalline peaks of initial materials like
yitrium oxide and sulfur oxide phases were clearly
observed in as-received specimen. In case of the X-ray
specira of the red emitting phosphors m Fig. 2. the
peaks of ceropium sulfale and yiinum oxide phases
disappear several  phases combined with
witrium oxide like Y-0,5:Eu phase were observed i

whereas,

ihe fired specimen, In Fig. 3, the peaks of cerium oxide
E |

and silicon oxide phases disappear, whereas, several

combined with  yirium  sulfate such  as
¥1%i0y Ce phase were observed in the fired specimen
respectively, High intensity peaks of the Fig. 2 and 3
mean that crystalling of the yirium compound phases
are enhanced after firing,
that the red and blue emitting phosphors were
completely formed through hydrothermal reactions by
firing at 1000°C for 2 howrs in air

phises

respectively, These support

Fareplam Saitais ¢+ Fa MRS
& Bulpher Chils ¢ B0,
w Vil Cids 1 YO,
| Rk b = &,

ihh} i i ,
.E
|.-l| - ..IJ el
Twa Theta |11egree|

Fig?. XRD spectrn of the Yi0:5 Eu™ red phosghors with heat

reatment - (&) as-received () fired st 1000°T for 2 hours

| .
O Ckdinie Lnds - Tell. |

£ Yhrtas Rilicwle VR0,
|

& Bdbcon Uude L

5. 1
3 |
z Mfﬂ
& =
=
&
Bl ¢

I.'.-r o " L_

L) K ey S l |
is Ill:l

T'nrn Thﬂ'l |¢Iag:u~]

Fig3. XRD specera of the YiSilyLe blue phosphor with heat
trestment ; () as-received (b) fired st 1000 T for 2 howrs

3.3, Thermal behavior of emitting phosphors

Fig. 4 is DSC curves of the emitting phosphors
where several endothermic peaks were observed
Considering thermal stability,'” the endothermic peaks
at 73.11C and 79657 are for the dehydration of
absorbed water of Y50,5:Eu” and Y,58i0y.Ce powders,
respectively,. The 179.957T, 26931T
and 192,567 are due to dehydration of erystal water,

peaks at
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respectively. Those at 65498T and 415257 are
related to reaction of OH-radical due to hydro-thermal
reaction. The exothermic peaks at 327.33T and 7257
of Fig. 4-& result from burning out of organic matters
and crystallization of Y;0,5:Eu"", respectively. The
exothermic peak at T23.03T of Fig 4-b is due to
crystallization of Y;8i0s:Ce. This means that liring
temperature above 730T was required 1o produce
nanc-sized emitting phosphors. Accordingly, one of
optimum temperatures to fire the gel powders of the
emitting phosphors is above T730T af  which
crystallization ocours,

L] 1

.
T
2

B
Heat Flow [mw]

-

Wu?‘hl [%¥a]

- ™
T8
anp 1
e En

2k
£}
i.
"
! ap

A +H Ay
Temperature [°C]
Figd. DSC curves of (a)Y:D:SEu™ red and (b)¥;SIOCe bue
phaosphars,

34, Emission of  nano-sized
phosphors

Fig. 5 is the emission and excitation spectra of
¥,0.5:Eu" and Y;8i0;:Ce phosphors. As shown in
Fig. 5-a, the Yy0,5:Eu" phosphor has the maximum
exciting and emission intensities at the wavelength of

308 nm and 617 nm, respectively, It is typical emission

characterization

characteristics of a red phosphor. Fig 5-b shows that the
¥,5i0.:Ce phosphor has the maximum exciting and
emission intensities at the wavelength of 254 nm and
464 nm, respectively. It is a typical emission
characteristic of a blue phosphor.
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Fig. 5. Emission and excitmtion spectrs of (a) Y;0:8Ev™ (h)
¥ 8i04:Ce phosphors.

Fig. 6 is chromaticity diagram of phosphors formed
by hydro-thermal process exited by
cathodoluminescence (CL). In case of the ¥.0.5:Fu’
phospher, the coordinate of x=0.671 and y=0.325 was
determined, which is matched to red in chromaticity
diagram CI1E19] 3" Whereas, the coordinaie of x=0.21
and y=0.05 was determined for the ¥ ;Si0.:Ce phosphor,
which is blue in chromaticity diagram CIE1913,

In order 1o develop a plastic film with emitting
phosphors  For  an  agricultural  preen house,
photoluminescence of the PVB film with an amount of
nano-sized red and blue phosphor powders  was
determined by scanning photaluminescence
spectroscopy, respectively. The red and blue powder
mixture with 2-1 raiie was selected 1o be a suitable
calor for the agricultural green house, The plastic film
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was  prepared  100pm thickness by tape casting
followed by dryving at 807 for 4hours in air. The tape
casting materials were the stimed solution contair
g of polyvinvibutyral (PVE) dissolved in 300 g
toluene and ethanol mixed solvent with nano-sized
phosphor powders. As the red and blue |'|'--|'-[‘-|hl'

powders mixture in the plostic films incr

0.15% and 0.2 we %5, the photoluminescence of the films

mcreases S0x 1000,

1455 1000 and 33 7% L00D count'sec,

Becuuse further addition of the phospt

respecliviely

powder  mixiure  has

several  disadvania

ae sration during processing and low APArenc
of the film applied for an agricultural green house, 0.2

wt.% of nano-sized red and blue phosphor powders

mixture is one of sunable conditions for the PYE film
which the maximum
photoluminescence in this conditions 15 537x (000

countsec

in the thickness of 10 wm

Y,0,5:Eu™

showmg coondinsie

s prepared by

4. CONCLUSIONS

(1) The nano-sized red and blue phosphors were well
formed through sol-gel by a hydrothermal synthesis
reaction at 1000 °C for 2 howrs i e Initisl produc

shape with 60-110nm for Y005 Eu
fior Y-S5

phisphors. Firmg the

hours results n
wsing their size 1o be 90-1H) nm for ¥,05:En

W) om for Y-S50, Ce phosphors, respectively

products at 1000 "C for

(2} Firing temperature ahove 7307 was required to
produce nano-sized emiiting phosphors because of the

erystallization of the emitting phosphors

(3% The maximum exciting and the emission it anl b
of the red and blue phosphors with Y.0.5Ew and
of 308 nm

|
¥, 510 Ce were observed an the wavelen;

and 617 nm, and 254 nm and 464 nm, respectively

i
{41 The =:||-.|f_:|||u' inescence of the [ims creases &5 the
red and blue phios

Filmms Increases, r

nuno-sized red and blue phosphor powders misture of

hor powders inixture inthe pl:

ectively, The PYDR Filin with the
241 ratio im the thickpess of 100 wm showed the

maximum photaluminescence of 337x 100} count/sec
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1. 4442 5
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L
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4 A58 7} 9] 71 A

= gt

} A% Bx
O ¥~ A58 FWHs vUx 2P yHA Ax 2 S87)= i
1) Phosphors Particle Size: 50nm
2) Crystall Size: 100nm
3) Zeta Potential ¥4 =:-50mV
4) FH3E & (UV A=280-400nm): 80%
5) FFHA(UV A=580-700nm): 90%
6) Brightness of Radiation: 180%
7) Accumulated Intensity: 45mCd/m”
8) Film Tension Strength (t=160-180um): 200kgf/cm”
U4owA By R gn
E ATAL AN A (%)
Sol-Gel'H-& ©]&38F v Fdshix) A
-Phosphors Particle Size: 100nm 100
—Crystall Size: 150nm
~Zeta Potential ¥4F%:-20mV
B A AsHt
-3de a3 L& (UV A=280-400nm):60% 100
-#5F2d (UV A=580-700nm): 50%
B FAEE AHAZ B2 549t
-Brightness of Radiation: 70% 100
SEse s Nea BuE —Accumulated Intensity: 20mCd/m”
G zuad Ae 9 oa | THE U ddel B4 245 /e
-Phosphors Particle Size: 50nm
71 —Crystall Size: 100nm 100
~Zeta Potential ¥4F%:-30mV
Fus esd 9 Bge] Fws 54 W)
-3de 3L (UV A=280~400nm):70% 100
-F5F2d (UV A=580~700nm): 70%
AEAR vhaE A
—-Brightness of Radiation: 100%
~Accumulated Intensity: 30mCd/m? 100

-Film Tension Strength
(t=160~180um): 150kgf/cm®
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—Crystall Size: <100nm
-Phosphors Particle Size:
<50nm

Y1.95Ce0.055105,Y1 . 9Euo. 10251, La1. 9Euo. 1(VO4) (PO4),
Lai.oEuo.1(BO3) (PO4) , Y1.0Euo0.1(BO2) (W04)2, Y1.95mo.10251, Y1.9Tbo 10251,
Y1.9Gdo.102S1,La1.9Euo. 10251, (DPhG)H[Eu(TTA)4],Eu(NO3)3(Phen).,
Baz Mgy osBuo.06Mno 0551208, BasSiOs:Eu™, YaThyAlsO12, SrAls0s:Eu €]
ARlE Zte Yxar]e] F1E3AE Axsin S ER a&5AsE
= SR 9ste] &gk H ol W kRl s TFEEA
Az 24, A ARk Yiedd st 4 RS
slth, TR AT Y
B (R-TEM) .2 JAr=7], G5 #2543
EF Y=g Ake] XRD,PLSA S st 2A A 543 35S A6
Rt EAAT 9% FU1FFA Y] Y AEAg ol &
ZU YA Ao7t he e Felskdivt. ®
Ao, 2xpdnEe A g IJERF VEXAEE
A7k A7EAl, V,P,Ba,AlLSr, SO FEFS ATttt 7 2Adn|e g
=243 Red  Phospher™=  Yi9Euo.10:51, Lai .oEuo.1(VO4) (POy),
Y1.95mg. 10251, V1.9Gdo10251 F&AHIZ eSS ™, Blue Phosphert
Y1.05Ce0.0s910s91 2™, Green Phospher® BasSiOu:Eu™, Vi TbeAls01s,
SrALOsEu™ Y1 gTho 102512 2 S ER Fd% Yugas oz Az

e AF A,

=
ol

-

o

= 5l Ex].0

el FHg SA4S %
o _

= "l z7 —1%

-Zeta Potential #-2FH%:
-30mV

Y1.95Ce0.055105,Y1 . 9Buo. 10251, Lar 9Euo. 1 (VO4) (PO4),
Lay.ofuo.1(BO3) (PO4) , Y1 gEug.1(BO2) (WO4)2, Y1.9Smo 10251, Y1.9Tbo. 10251,
Y1.9Gdo.102S1,La1 oEug 10251, (DPhG)H[Eu(TTA)4],Eu(NO3)3(Phen),,
Bas . oiMgo. 0sEu0 0sMno 0551205, BasSiOs:Eu™, Ys,ThyAls01, SrAl04:Eu’*e] =

g e tedsle) $AGYAS Axd BUgae] 54 23

At

A W Y JEFEAASS FET MES Ll
AAgwF o2 Yedxar] 2 @3S gEeion, E3 nAgg e
AREE HFSIT. TENHRA Y s o] dojdas 244w A
o] H& Agollon, AFHol AA= A WS =3 PHF
Z71a= QA7 ARXM Zeta Potential ValueZdb =LA WH3EhH,
PH=6-8¢] 4] Zeta Potential Value -80mVoldo & &g #AbdS vt
Wil AATFPLEA AT Yi65Ce0.055105s F7183A 8] A7 3G (N o)
25dmo] i, AT (N )2 464m=E A EFS ) Y, Fuy 0.5 F718F
Al o713 (M) 267mmol L, BFHF(Nen) S 617 224 F 3
<, Laiolup 1 (VO) (PO F71g3A 9] 7] 9 (N e)2> 287mmo]aL, 2
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(A w)S 617mE A G FE Y1 .05m0.10:51 F718FA 9] 7194 (A
)2 270mmol L, WA (Ng)S 517mE AMEFES YEgE AL
Gl o™ Yy ¢Tho. 10251 77183 ] A7 (N o) o
HBI A (Ae) 2 550mm= A TS V) oGdo 10251 F71 833 A o] o733
(New)2 282mmol 3, LFIE(Ne)S 615z 4 M FS ) BaSi0sEu’
F71FA 9] AT (N o)S 394mo] L, WHFIF (N g)S 655mE 5
45, Yo ThAl0 F7183A 9] A7 37 (N o) 275mo] 3L, ‘?j}%u“%
(Ae)S 542z WGBS SrALO B F718 329 o793
o) 254mmol AL, WA (N ) 464mE AL YEhE AL
gt 4 Qddtk.ol#gt AFZA3E "The 7th  International
Nanotechnology Symposium 2009 in Korea"oll IEEE NANO 2009 POSTER %
F 39l om | IEEE NANO "2009"ol Al AHa}3itt.

OZi =

WAz A0) 9 AHEA
FAE AT A A7

-FABEE
(UV A=280-400nm): 70%

-5 A4

(UV A=580-700nm): 70%

Y1.95C€0.055105, Y1.9Eu0.10251, Lai.gFuo.1(VO.) (PO4) Y1.95mp.10251,
Y1.6Tbo 10551, Y1.9Gdo 10551, BasSiOsEu™, YaTbeAl:O12, SrAli0:Eu’e] Z4
HE A EYE = Y05 CeOs EusOs SmoOs, ThiOs GdiO:E YEE
Aol &g F JheEaliste], SR TS Glde 2AES A=Ay
aA st i FAFAAANE (HR-FE-SEMP.2 #sto] <
A7) 2 AAEE XRDE 24830 44 R)FA (4 B)F719
FA 2R Wate] wE dxtAr] B gHEEAS 45t A7)
20nmelst, AAQE7E o] Fojxl g AT

Y1.95Ce0.059105, Y1.9Eu0.10251, Lai gFuo.1(VO.) (PO4) Y1.9Gdo. 10251,
Ba:Si0s:Eu™, Y3 TbAl:012, SrAl:0s:Eu”Z4] Phosphert 20mm ©]3}e] e
171¢] abgel FAEN e, EI JYAUFE 2uAdAtE -4 5 o

NS AT %]\Ohﬂr. Y1.9Smp 10:51%4 Phospher+= 50nm ©]3}¢] 1}
27l QAER BAEen, i dAWRE ZodAE PA

AATE. Y1 .0Th 10:51324d Phospher+= 100nm ©]3}<]
AR o E3F JQANTEE ZujAdAE A
Hol Aes AT = AT ol Y= dAE FFAel Hotste] 9
FANE AT A9 FFEFE7F 0ol d o R YERgTE. A7) 713
SR A webd Yz bar] hEE 20molstE AEE . AR}
A7) oA AF el F718 3 A 9 %.47}‘“*0] SVHALE FFFE

2 d 3go 5 Exo] gt} e}
el YAl oF PG5 é %”d% ol Fubd
o= 7PE—3'¢ o ASAQ A5 T8l

Ao AW 548 zte
Rhgx27l B

Y16Ce06510s, YisEug102S1, LaisEuoi(VO4)(POs), LaigEug:(BO3)(PO4),
Y19Eup1(BO) (WO, YioSme102S1,  Yi9Tbo10sS1,  YisGdo102Sy,

- 139 -



LaisEug10:S1, (DPhGHI[Eu(TTA) 4], Eu(NQOs)s(Phen)s,
BazgiEuo0eMgoosMnosSizOs, BasSiO«EU", YaxThsAlOw, SrALOsEu”
o] g3t dAe Lx % JtAEYr] wE FPEALS T4
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