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Purpose &
Contents

This work deals with the development of functional materials with high

visibility under night and rainy weather conditions and anti-abrasion
property for minimize traffic accidents and involves the following

details: (1) synthesis of phosphorous materials and introduction to road

paint for high visibility, (2) preparation of superhydrophobic glass bead
surfaces for minimal rain water film formation, (3) preparation of
inorganic nano-fillers for anti-abrasion and compatibility, (4) adhesion
and dispersion study on composite road paints, (5) optimal formulation
for inorganic/organic paint for road marks.

Results

(1) Synthesis of phosphorous materials and introduction to road paint for
high visibility:
@ Micro-sized phosphorous materials of SrAl,0s,: Eu?,Dy**,Tb* synthesized

by using solid state method showed max. 66,000 mcd/m2 and its luminance

5



varied from 320 mcd/m* to 54 mcd/m* for 3807 seconds. Green fluorescent
light from synthesized SrAl,04: Eu®,Dy*",Tb® could be observed for 3 hours
with bare eyes.

@ Luminous microcapsules containing phosphor powders were successfully

prepared and the microcapsule with 80% phosphor showed luminance of max.
1,000 mcd/m? for 100 seconds.

(2) Superhydrophobic glass beads for minimal rain water film formation:
Superhydrophobic surfaces of glass beads were developed by using HF and
ODTS for enhanced roughness and lower surface energy of the bead
surfaces, and which showed the retro-reflectivity values of 161
mcd/(m? - Ix) and 124 mcd/(m? - 1x) under dry and wet conditions.

(3) Inorganic fillers for anti-abrasion property of road paints:
Hydrothermal treatment and surface modification of muscovite mica were
carried out for enhanced anti-abrasion properties. The composite
mica/paint marks showed 40-100 mg weight loss under 500 g force with 5000
cycles.

Expected

Contribution

- Luminous phosphor of SrAl.0s: Eu®,Dy*,Tb* prepared by solid state
method exhibits enhanced Iuminance with the slow decay of green
fluorescent light, so it can be applied to the road lanes and marks for
enhanced driver's visibility under poor (heavy rain, night) weather
conditions including local roads, highways, and airport runways.

- Luminous microcapsules can be used as a replacement or additives for
the road lanes and marks for enhanced driver's visibility under poor
(heavy rain, night) weather conditions, particularly under acidic rains.
- Superhydrophobic glass beads can effectively repel water, so they can
be used as alternative glass beads to increase visibility in the rainy

night.
solid-state
SrAl0 . C
2;_ 3 Luminous Visibility |Superhydrophob ,
Keywords  |Dopant(Eu",Dy°| | . Road paints
" T microcapsules | enhancement |ic glass beads
green emission
(7% & HM5%)
AR =R
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(7}) Mica sheet Atololl ZX5t= K" 0|22 w2 CEC(cation exchange capacity) Ztzt
o ol

2 3 #F=(hydration number 2~3)& ZIX|Z7| W20l exfoliationol & O{2{F0| U
Micall sheet2} sheetAlO|E EH&ECZ Ho{EZ|7| A= CECT7F =2 S 7HX=

iz —- HA=

oz weats "I ez 2 AFoAE= LiNOsES ol2dM K' o282 Lit
(hydration number 5~6) Z O|2WaE FTHSIFS.

'.]|° 5

ro I'FO

of
ol

(LH) MicaE $=guts A|7|7] Mol -0HE M AHSH| IS X XH2lZ 300 mesh 2| micas
tube furnaceE O|&3sHA 800 °C, 2 AlZt, Ar 27|dlM EX 2| A E HXAM Heated
Mica (HM)2 =11 300 ml 82 =& vt37|o =2 LiN0;E 1:1.7 (60 g : 105
g)el H2 FsiM M| 0.5%2] HMZ2 Y10 600 rpme 2 wHksIE . olmf 2h27]9
HES =2 170 °CollM 48 A|ZE SoF g

S =l e, BHS = mica?l K" o|22 Li*
2oz o|lemst =T ofmf XL H

0| 8st0] T2 FEF°| WA MAH = HA=X A|AHA exfoliated mica powder & X

(2) Cation exchange agentE AlEst] +=gHIE S Sl M ==

(7h #=Lut2g Ea| M == mica (Hydrothermal-treated mica, HTTM)2| & Xz|& <l
cation exchange agentE& AF2SIHRS. 718 &1 £ cation exchange agent& 37| £
sfM  oleic acid, Dodecyltrimethylammonium bromide (DTAB), Tetrabutylammonium
bromide (TBA)E AtEsHAl AHH3IUS.

(Lh) Ad™ g2 3702 vialdl == 10 gzt =L X 2| mica(HTTM) 0.1737 g2 Y2 *
3&ZF2| cation exchange agentS ZtZte| vialoll 0.0869 g E@0{FAS. (micake| 50% Al
&) 1 Fof 1A|Zt ¢t sonication XME|stE A0S S5 MAsIFD SBHAZI|E
O| BallA A=35IUS. XRD =& Z 1} DTABME|SH HTTM (HTTM-DTAB) & ZSZHA2[7t 7+& A
o MoE2=Z DTABES HTTME| cation exchange agentZ MAESIAUS.

(3) Mica powder2| silane coupling agent (SCA) X Zl

15



(Z7F) Mica Xt} painte HEHS ANA mica( At EHol Ji&O0| EHRSIEZ silane
coupling agent& ALE38I¥=. A= SCA= epoxy1&S 71

(3-Glycidyloxypropy!)trimethoxysilane & .

(L) Micaol SCAXZl= cCh2z &2 wHoz T =AS. 2 wiks T2l SC
wt%2| mica(HTTM, DTAB-HTTM) $TEAtM S Ql= Cl2 . SCA TEMUES n
FUS. O s 5 ot mwbHkstn 7?7

mica powder (HTTM-SCA, HTTM-DTAB-SCA) S ZH=U .
(4) E28 4 HAEAA micall EMHHM AlH

(Zh E22 $AM M HAEo|A mica powdere| =ZAHHMES AT 2GHAM

turbiscang O|& 3tUCt. HTTM, HTTM-SCA, HTTM-DTAB, HTTM-DTAB-SCAZ
=] A

o =
HA HQIEof 5 wt%l| ZEHZS FHEOIA A|RE ZH|SIFS. o] M€M= =848 &
EEXE &M paintE ARSI S. U2 M HlIEOo| mica powderE Y1 3 AlZE
o 240 2 Al

—‘E-'— [a— | = =
SOt WH T 302 &9 sonication Al THEAUS. SH2 6 AlZESCF 208 24+
S |

(7F) Micag® H7Igt paintel WOIEREE ZFHsH| fleiM 24 hHM H mf ALEE
=78 0

sampleZ} &2 & sgls obED 0|2 O|23dHA 10 cm » 10 cm of3ZE 7|Eofl
114.3 un FHZ ZESIUS (28 7). ol ZEE ¢t YHe=z= Ht FHE 0|3¢t
HE ZYE oIt A20M ZEHE AX A7l = 80 °C 2E0AM 3 AlZE St Exz
SIAZ. ol AlHs 2HE| EUEF 5= AIRY|E ol2sHA 500 gof 5t&, 5000 cycle
of =HLeZ yoi2E EFES st7|fsl S=UEXATL0 Y oF5i¥s (AlEAMA
M)

(a) (b) (c)

a2 8. HEEEE 0[8shAM ot3E J|Hol paintE& ZEe Z&: (a) =
e ™

ol s
™ (b) paint2t HTTM-DTAB &t o]l FEIM (¢) paint2t HTTM-SCA &&tlol FEIM .

o

Lt OFZh AlQlM SAt2 25t SdH e et 38 dT
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(1) &% AM2 BIE TR0 Feu|ES %ol oz 2F Al 2HAY AlolNg SHE
sl 231 US.(38 8) REIBISIE RS HSE0|ES WAIAI SEAIIA S2i B
= Y. 3L ult 25 2Ol of RalEIEst X AHEES BA| R0, B[t 2 F 2o
EHOIM el Wol BHALE . [5-8]

(2) welH[E /2 =0| At22H Yo H[E F2 HEo =S|
XA =ol7HA] =5k if/ﬂ% = T 810
s oled Ao A= Pol

ly(m
7ol sHd=2E 42 é%*ﬂ%% M =5t = .[8-13]

8 9. RpMel ARl E =03 = ZEtA HIE.

(3) Methy!l methacrylate(MMA)E Monomer 2 AFE3H0d Suspension Polymerization SHH 0O}
O|3Z ¥zl F8e| PMWMA HIEE &S = US. Suspension PolymerizationdlAM= 3
5 lel Moz us F= Aoy, A& continuous phase) Tt =91ZEAH(discontinuous
phase)&l. %42 =0 PVARL Boric acidE =0 ALZ2sIRUS. PVARb Boric acide
monomer droplet2| FEHo| £0{ droplet”|2] SE== AHE 2o AetE StH, PVAS

AHHO 184S o|2] BHE0=1 AFSSH

> Mo

—_

rir

=
e

ﬂll

(4) EAZA2 MMARF azobisisobutyronitrile(AIBN), dodecanethiol 2|1 FEH=2AS
A =

), )
Mzston], 2% 23 Eue g ANl ol chakdlelel FHahy

A-IO-I

Bl , Mo

=0l H&Est 288 =017 /s &Moo=z J RS0 AFRSIHS. olmf oleic acid 2F
agMol Mt HEBYHE ARSI

(4) AIBN2 MMAL| free radical polymerizationel ZHA|MZ #:0[o{, AIBNO| o}l Benzoyl

Peroxide (BPO)E 7ZHAIMZ AtEstod Sgtstl O SAME H|WSHAS. Dodecanethiol 2
monomer dropletOFOHH ZtE5t0{ LEAMH|ES EAHES IFE& AE¥S otn, EALEO|
=2H SIetotes IHoM HEE 72| 82 = UA7| 2ol o|E wX[st7| e, ot
TEAHIE 2o FZH=ZES encapsulationstod ITEA H|Eo| FZ g3E FA

=l [14-17]

(5) & ABOIM AFRE ZTSH| XA §4L0,: At Dyt 22 27|12 WS
=
=

ol X E 2ot SE2HEZL & = 2ol |loX|HA HiEHME 2 ot & oA
WSSt LE Ste el 9ol YWEjo|Y| mEol LASE ElE &8 .[18.19]
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(6) Suspension polymerizatione radical polymerizationAlZ|= CHEXMCl HfHo=Z
impel ler2 MO{F7|at 5tH == off Ztckst S gbH (a8 15)0l04,  PVC(polyvinyl
2 d 2ol o|l2E. 2 #Hoz H=

|£2| S22tA v =2 deljdt RAMY

il
o
=
Tt
o
0>~
I-—r—
_O'E

Ir

chloride)Lt polystyrenes A
= DEX=E oA Fel "HE "efE JHX|7| 2o

S 74 [17]

N

Suspension Polymerization

od P:IWM
[ ]

i 1
1 1

Water + Suspension Sléblllzer

** Initiator
Monomer Droplet Polymer Particle

% 10. Suspension Polymerization 2AI .

(7) SEH2 ch2n 25, X ndb|et dE e F 2 A HXE gl Tt
el 500 mL OlF AtZl HES7|of| AZAME P10, =xo 2EE 71 TE MYe. U37|
of WHIZ|E stirring AIAFHM ZHA HX|SH =, 2EHE 28U WFo Hof W9
2rE E¥E.

(8) HISE 2Mo| 2z 7} LHMNXIH(CH2F 70 COlAM FX[E) o|2] =H|sl=2 2354
S 4243, 3 2= AIBNE 7HAI2ECQl 40~60 CE H= =E0|22 ZHIZ I 2
O Al=f=lod, MMAS| AtRElCE|ZE F&2 WY SM42 J7IX|2E2, SE0| AIZEHAM 29
2271 it aSstA ', 220t ASsiciyt S30| t2EH 25+ ofA| 2o{X|o{, 0]
7t stirrergE HELD X5 &8 = BS2 32 A, oteflel a8 100 tHEXM s
3 3doll st recipeE LIEHHUSZ. BFS AlZHEES V(o B8 Ee| =4s 3ot w
2t 2T HEE fEE £ den, 37 dHE 2TAE SolA BFSo| ZSZES
olgt = AUF




73

2 2009
PVA 0.1g 72
Boric acid Smg E -
MMA 609 3
AIBN 0.09g 70
1-Dodecanethiol | 3mg 69
2E(C) 70
rem 500 ” 0
= =
2t E¥E Rl s & 2

= xZo 2| =H

- Power: 300 Watt (Amplitude ratio: 50 %)
- Time: 15 min (pulse on 1.0 s, pulse off 0.2 5)

a8 12, =8

S
Bl
4o
e
Ao
=OL

E=FE 447

—

"

L
=
HE 287

HEE

5r(NO,);

AI(NO;),

Eu(NO;);

_E|. EI-/H I:LI

50

100 150

AlZH(min)

1. =2l &35 s A== tHEAMQ recipe & &
g H
—

stof| cHst Jei=.

m g HFHLF ol

M(NO,), — M?* + 2NO;

Al* + 30H- — AI(OH);

M?# + 20H™ — M(OH);

200

Sh
=

M(OH), + 2A1(0H); = MAI,Q, + 2H,0

it

g 7tst 97|Y B

* HMT (CH;)gN,

71E0 =80} o A8E
{CH)gNs + 6H,0 — 4NH; +6HCHO
NH; + H.0 = NH** + OH

+ 244 (NH,),c0
- 2FO|L SAo) AR BE

(NH.)5CO + H.0 — 2NH, +CO,
NH; + HiO — NH* + OH'

448 LLEE NaOH

=1

=<

EHE g0z =2 pH
NaOH — Na' + OH"

s MAUS . [1]

A




HA L QX Ed

Al 2 s A

Eu' SHRUEGS —~ Bu® ) RO EY ST SR ds 84g A8 Fa

M, + Fs

Power supply

- Coflector

BE $EHDE FMY ALE
~ ANG;); SriNGy); BulNG);

050 °C

«  Precursor
SHNQ3),
AING,);
EWNOs)y
Dy{NQaj,
RVP

D water
Ethanol

Annealing &
Reduction /

Dy{NG;);

TEG
200

&

g 600

5

g

& oam
200

Heating rate: 5 *Cirnin

Calcination & Annealing Reduction

BN ] Caicination time: 2 h
— 4G *Cimnin i

| Heating rate: 5 "Cimin | Reduction time: 4 h
I |

000, 2 W050°C, 4h
: 4000 f e
55 ;,a’
800 °C, 2h g /
=500 a Hy + Ar
/
/
Alr /
¢ 1 2 3 4 s 6 1 8 9 e/
: 001234587
Tims {n} Time (h)

AY
Y\
\
J\:_

AY

\

g 910

14.

M7 AN BAE

X @xe| =2.[3]
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(4) Sol-gelH

< of S Il o " OO OH
o5 & For o ol o K ORI
7 2 z PR K oo -
—_ __OO J— H__ug _/_I

K - & M = 0 Jo
— __A._ st ud -\ T __AA_ﬁ

- O ol om = %0 X0
ol S o+ 21 an 1 Al

o ol . H S ol o
Dl wpm_._._n__ﬂ Fog ol
A o zwd
[ : o g KT g o =
& =~ & w0 -
3 % ol = 2 gy M 20 <F M 340
£ & 5 - = I L
: & 5 — — W W =g oy o < _
g S < K : ar o U
[=] o El_ _._u_ - 0 —_— — _n_ﬁ o =
E = —_— X0 w0 N H K Kl =
% c <r K MMH_ < =< Iﬁ_/l I.A_I K T -
i S| o o~ H - o1 o0 D gy "
Yy mm _u_u_ of .A._ SH = K o_.=._ = =.___._._ -
ﬁm rriet &% _IJ .. _ m_n S I_H__I or |__|_| _.An_ .AO
: o o = 8 30 20 4 <E

: g ) —~ i+
¥ : - B g L M ofy F o4
& 5 o s _q4uH e G _ q o
m e bl olo . 3 o o E 5. ol _ 5 0d
Al @ 5 g ey ~ o mpo KT oF T o

H|E 2 e g o 0 ul Ul o H oWl i oF

i |3 3 3 - T o — = = o = _
5% M ko E <0 |._A|o M.o o T _u__._._ .ﬁu .ﬂu [u} T. . 0- ol
5 S o i _ M o
8 ol L wr_ m__r_ Do Ul < M M

¥ £ £ 5 - o ufl LT - ol
i S - 2 5 WMy 2 N ul 3ol
H ~ m £ L - of o = 2 & i o o ol
i & ES o X0 TR} <0 - 40_._ — oI M <] Kl
» 7ol o 1 Sk LI N R T T Sonp =
i £ . — < gl ol ofn oo N

] 2 -2 7o) uj o 1 N . il u
54 - Yoo T - Kl 20 = =g 20 i
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m.____ 0- 70 X 2 ! ol < % It .

4 1) 0o - N
- S 1o - X S il
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Adt E22FH EA 22l #

Zolut

L:
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= x|
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(4) &M Xe2l=l 22iAs|
o

7t
dl

IS

rn

2fAH|E Tl 2

rn

<F
ik

0
ol
_ll_
0l

o
o

20
0

=
10!
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-
o

=50

H

%0

tol

o

o =

2 H-ololaz

of w2l =2kAH|
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0

=

=

al

INFHAZS 2N FEHo| $=2to| Hel
22 =2 ®HA

°

—

o

k=

{

—

=]
o| 7}

.I

S
=

o =

CC

ol

ZegjAaH|E0| HEY| =

(7)

oA

o

4 Ad

(st
1o

ot
HA AAS2} EDX

0

S I3l scanning electron

(o]
-

Z~0|E{(El | ipsometer) S

Qo= 7|

ol
2tAH|E | %

L

=

=

=

13

=1
[l

Al
o =
—
i}

o
AA

b el
o]

mor phology

I

=1

b

=
w2t

2
[a—

=<

el 2

of T A
mica2l

HE =9
— o T

b oto] 7t &=

= chAH]

=

Al

F

=

[=]
o o
= 4

o
i K" o[=20] Li* o|22Z 0]

gt
o

SEAL
o

4

/|

(<3

TE Al

o

b
7t Hoi2d

HE SHUCt.SEM &4

KIr

microscopy (SEM)
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a8 17. (a) HM (b) HTTM (c) DTAB MzlEl micael SEM 241 o|o|X].

IF 1. HMe| EDX M2 &4

HM Weight% Atomick
© 2.55 4.57
0 37.61 50.57
Al 15.82 12.62
Si 37.17 28.47
K 6.85 3.77
Total 100 100

FE 2. HTTMS| EDX M E BEME
HTTM Weight% Atomich
C 12.5 19.68
0 40.5 47 .68
Na 5.89 4 .85
Al 10.67 7.47
K 0.53 0.26
Si 28.66 19.3
Ca 1.25 0.59
Total 100 100
EDX 24 Z Il K' o|20| =&EtE HMa} v|WshA Zast WS & = JUS (FE 1,2 &x)
E 3. YU Mo Fo| MS M2 B4
Sample / lon Li (ppm) K (ppm)
HTTM 6194 2482
HM o4& 8868

o

AMSEAM AT} K' o] 29| &2fo| =HEEFS M 8868 ppmoll Al F=HELS F 2482 ppn 2 ZA
2 Z5X| ZE Zo| =LES Fo 6194
H o

A
LutS S SlM mica & Atolofl UH K
7
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S— 7Y
 HM
—_TBA
S0  HTTM
| - Mica

45000

SQR(CPS)

2Theta(deg)

T8 18. 2t kE2=2| mica?l XRD &4 J2H=: DTAB= DTABXA 2|Et HTTM, TBA= TBAX

=X = XRD C|O|E{2 o|BsHA A At =7+

x 4. 3
+A
Sample =71 24 (A)
Mica 9.958
HM 10.073
HMMT 11.053
DTAB 12.487
TBA 11.219
XRD ClO|E{E o|&st &7t 2+ AH{MZE1 =X 2[E U2 W 52+ 2t40| Sotset A#S
gtoler == AUL DTABS HTTM2| ion exchange agent= ALE3MES mf F2Zh 2b20| 12.487
ASE J1& HZX HE &l & = AAYS (E 4)
(2) E2& M HOIELRl mica 2&tHo| EACHHM Al
Egtoo] EAN obHM AlEE fSHM= turbiscang O|23I¥S. Turbiscan 24 ZAD}
HTTM-DTABZ} HTTM-SCA 25 e =of u|3 0| LIEt=H o|Hd 2 A ol sampleS THE
= IHoM 240 M2 =X 2totM M7 ZHez MZizof Al

MAMo=z AlZto| X|Hofl w2bA] back scatteringel M Zfo| Z7ist A#AE 2 = JU=d
Ol= micadAte SRz Qet A2 AlgE . ELt0] ZEX| 22 O|FZ= paintl2t mica
StHZ ot of 5 wi%e SsEE THSOAM =l MEIt =otx7| 2ozt AtzE. Of
of tt2kA Mica powder2|l E7IE S Z0{7IHA A2 ZHSAUS
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9 : ! 8 ¢ W 2 1 i i ! 2 i e i i i #
Height (mm)
=] =x5 : =]
O 19. 6 AlZF S¢t 20 & 2422 =H- s HTTM-DTABS| turbiscan &4 Z 4},
' o0h 20 208
Ui m s
05
Uon 4o e
0 WD tes
D1h 2 s
25
Oin g
H II| TN 00
45 |II A 2t som et
W Y| onatmens
=40 VA
g V| noomens
o R
9 25+ 4] oanaemcs
f
1 |
Dbt
.Jn— II
| angomiss
35 Den s
e ehdmids
Dah D s
45
05h Z0m s
40 G A s
e A NN ATV VI Y SO VO NV OV S W ST IS U YO RO S VO U EVANNS T O AYR HRSPU MU STV I oot
L L e B e O Sy |
¢4 1 3 4 & P& & 1 % o1 oW o\ % 7 @ W o®W N MW oA W ¥ B T B
Height (mm)

J2 20, 6 AlZF S0 20 & 2tHAo =2 =X S HTTM-SCAS| turbiscan &AM Z 1},

@
=
(@]
QO
n
ot
d
o
1=
1=
i<
o
m
1o
=
]
H
H1
>
oh

(7h) UolZE HAEES 95t MEZ =H|

(1) sEetSS S8 mica el Mica® TLELS AlZ|7] Toll -0HE HMASH| flsiAM H

Q
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HM2|2 300 mesh 2| micaE tube furnaceE O|EallA 800 °C, 2 AlZt, Ar E<I7[0lM
Gxz2| ctAE HHMHA Heated Mica (HM)S ¢ % 300 ml BEe £ S0 =&
T2 LiNO;E 1:1.7 (60 g : 105 g)2| H|Z FsHA M2k 0.5%2] HMS E 11 600
. olmf BtS7|el €k 7_43 170 °CollAl 48 A|Zt St BtE2E

o
— = —
& SIYCH BF2 = mical K o|22 Lif o|22e =2 o|2wet =YD ofulf L2 K
ol=2x o] Hg= Li* o|22 .7:.‘%‘014 Jé‘?ﬁl% 0| &5t0] Z&=F=E S5 MolAl MA
T A=x= AFHAM exfoliated mica powderE M=CI A== SZAA=XI|E 0O|235HA
A= 19 S

(2) Cation exchange agentE A5t LSS Sall M=F micaql = Xz|: F=Lut
= Sdll M== mica (HTTM) 2l = XzlZ </l cation exchange agent=Z DTAB ALS
St S, Vialol == 10 gzt =L€X2l mica (HTTM) 0.1737 g2 Y2 F DIABS
0.0869 g YO{FTAUS. (micakel 50% AFE) 1 ol 1A|ZF S2F sonication X2|st
HAo{tE Solf MAEsHFL SHUXTI|E 0| 8sliM =50 FUS.

(3) Mica powder2| silane coupling agent (SCA) X2Zl: mica &UXI2} painte| FHEHES 9
A mical At EHO| JHE O] HRSIEZ silane coupling agentE AIE3S. Al2=
SCA= epoxyd&E= 7 (3-glycidyloxypropy!)trimethoxysilane €. Micadl SCAX{Z|
= ClSo &2 oz FNAEAS. 2 wths T2l SCA =AUt 1 wt%e] mica(HTTM,
DTAB-HTTM) =&t S GtE ChZ2, SCA T=EUS micaTE&tMUo| E0{FAZ. olF 5
2 =ob mukstm et HI"&*.?_F T SZ7A=SHM SCA HMEIE mica

_I
powder (HTTM-SCA, HTTM-DTAB £ ot

O

1 2ti
B-SCA)

EQo| Ljol= = A|&: HTTM, HTTM-SCA, HTTM-DTAB, HTTM-DTAB-SCA
2tZt paintoll 5 wi%el ZEMES HEHM A|RE =H|SI%S. 0] AEo

X s
o8
V) mu
ol
=
RN

&
=
o

rir
>

M E2HEXE M paintE AIEsoI¥sS. =W paintol mica powder

TTM, HTTM-SCA, HTTM-DTAB, HTTM-DTAB-SCA)E 211 3A|Zt=¢b WEH

(H % 302 seot
Z2oxg| M HEAS. o ESHES 10 cm * 10 cm LFoOlFH Z|Eo| 114.3 um
Sz ZES. ol REE fIst W= H IHE 0|8 H ZEH S SIAUS
A20M FEHS HAZx AlZI & 100 °C 2E0M 3 AlZE SoF HX 2| 3tFHS. 0] Al
HE o= L&A d720 A= 2EE] FHE HEs= AEZ[E 0[8sliA 500 g2
S5t&, 5000 cycle o =7H2ez Uolz2: £H XAsIUS

(Lh) otz HAE Zo}

ofzfie|l OE 200 Uol2E SMS 2lal micaE exfoliationAlA TS T2 T2 ME0
CHet Lot = AlH ARRIE HERHAS. WHOotRE Al 23 & Y™ 0
7HE 2| LiEG D ghHof| o2 80| JHE A2 Ao J|tiE &
°of IYM ol2g0| Zt& IAA LIEMHS.

2 Zi= 20 ofFAHE HII K| 2t mff Lot =J) 71 ZECh= WS S5, o4t
= cl27 =20 Z3E ™IS I ol2&0| B718 o7 AMZE EelZ2A 22 F
7Fst mica powder=0| Al ALSEUE +=3M HAEe =gt 2 FAE0| EX| 2Lt
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(e) paint2F HTTM-DTAB-SCA




E 5. uotz2x: Al Zarye|

AME M 27 AlS & B3 ZapZbA
M= Al | |2 = A =g olme (%)
(g9) (g) (mg
2435} painte| TEH 22.942 22.78 162 0.706
paint2t HTTM =&t o
22.704 22.5 204 0.899
a2l
int2F HTTM-SCA
- 23.786 23.53 256 1.076
%%ou o] mEIH
paint2t HTTM-DTAB
==t 22 .566 22.326 240 1.064
%%ou o mEIH
paint2} HTTM-DTAB-SCA
. 22 561 22 .294 267 1.183
%%‘—HP—I 9

02 g5 = (AR FA-Alds FAH) /AT FH X100

= AEoM ALSe SH=ZE2| SEM imageE oteHoll LiER . CHREES F7[=0] OHX Of
SA4=E YA EHO| 2FdE H ASF. JBH HEE AIBE fBIb 2488 5
of X3tMo| ZEX| Yol SHEES HEststrof AM FFMdel SH2E FHE &5y
oz A S E €7t US.[22]
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otzfe| ststzAlnL Zo|, HH=Hel =EHEZ JHESH| fsi Oleic acid (0A)2t

3-(trimethoxysilyl)propy!| methacrylate (TPM) F7IX| &2 A2 &.[20,21,23]
a b OCHs 0
OH |
W TN
3 7 3 o | =
OCH;

a2 23, £ T AR & 0A(a) 2F TPM(b) ol T4,

0AS] &, 25 mL2| OAdl 10 g2 FH=ES H0f 2-20(A 4A|ZF WEtsto] EHE JHE
. O % hexane2Z 62 MASID 60 C 2LE0A A=AIZ. BHH TPMS| E2, 25 nL &
F50 0.5 nL TPMS €0 £FMHS =1 10 g2 FHEE S Yo 522 WEISI FTHS
JHEe. O = acetonelt Z/TE 0/85t0 2t2t 35 4 MAHE St 60 T 2LE0M A=
AlZd. O = sH=Zoll thish Fourier transform infrared spectroscopy(FT-IR) AHEHZ

2 slo| &

A0 Thermogravimetric analysis(TGA) 24 & 3504 EHO| JEEAUSS &l

-

29



(c)

—
(&) Ll m
—

1000

2000

3000

SOUBJILISUB] |

3400 3200 3000 2800 2600

4000

Wavenumber {cm’1}

Wavenumber (cm')

-

MO
_x_._|

10!

1o/

ar
<

70l

2
__o.__|

o=
==

q

B - 2600 - 3500 cm™' 2

===,

A - MF AHEH

| Z1e4

oA

tA

8

((b)2t (c))ollA 2t CH; peak(2900 - 3000 cm™' 2dod)7} ===

(28 23).[24,25] FT-IR

<

-,

oll
o

1)

i

1)

IH
=

O

(8l 24).

o =2
AM O

F

ool =A[S

ot TGA 2=

S

15t7] <

sto
!

041 %

- 0.84 %
016 %

a)

b)

1040 4

894 4

oo =
on =]

{95) WBispA

93

800

GO0

200

1000

400

Temperature (°C)

(c) TPM

1ol

30



0.84%, TPM

E

ol
o

<0

4

, 0AS]

T

A 2|5t

o
Ol
<K
I

0.41%2]

7ol
7ol

1)

olo|3 =2 Alo|=¢l

Al
=

| AtO[=T} ==

m 0.84%= 2f 3.9 o

Ie<b

—
—

Tt 2

HAH = FE8d JHAIA,

AtEstA

i

+ ofo|3 ol +H

i

(stabilizer, PVA, PVP, etc.)

oo 2 22|

Ho
= -

2H

AXte| FAZ|E=ZT}

3712 23 oo

M2 monomer

& A2

AMEOZ

7Ed N AIM e

=t

E4F sieving 38E AHXA
dropletollAdl 2 O|F0{Z&l.

0%

RRIEN=]]

5

==
S

Suspension
polymerization

O
[« 8
om
1S
)
g4z
MB_m
=<d0 <«
e - =
a
ar
- <
S [
a . ﬁ =
. 0
e
o
oo
<
175 ]

PMMA

o

00

o
0l
Kio
mig
Tl

=

MX Double jacket reactoroll ¢

{

Ch A

C

Methy| methacrylate(MMA) &

Hz=35HA =

g

pN|
=

| kx| eF JHAIMl, chain transfer agent, S&=

-
110

i

_

=
N

Kl

—_

IH

==

el

{1 &8 &2l suspension S

ThermocoupleS O|&3}0

3

st 2o

AlZFEE A3

=
=

st

O

o

__o_l
10
R

o

IH

=
=)

==

=2
=

H

20| &<t suspension &9

ol

ol
B3

—r
110

I
K{o
o
00
ol
110
Kl

31



_

o

L]

~
4
(5]

=]

- {i
Q

-5

g

m

w

¥
=
i
2
2

288

288

9.0

9.0

9.0

G}
T
[=]
£
o
¢
£
%

144

144

51.0

510

51.0

0.09 0.09 0.072 0.072

0133

Initiator (9)_

30

3.0

5.0

5.0

5.0

36

36

30

3.0

3.0

0.06

0.06

01

01

01

120

120

200

200

OA OA TPM OA

OA

Surface modification agents®

BPO

BPO

BN

Al

AIBM

BPO

Stirring rate (rpm)

500

500

350

400

st2] 2l

& 2| morphologyE &2l

74

PMMAS| £

1ol

ol

olzf 1

F2 15 wt%o|X| 2t

o

Rt

fs1g=1
=

CK-5, 6, 72| B recipedte|

=7+ A G

IL
ME

of TAISHAS (38 28).

iT

ch

ot

=]
e

MM =T A 28 ~ 12 wtwIHK|

monomer dropletO| fusionZ} fission

ZEE

[=x|
S

5= P ol A

sh
=

=
=)

o|zde
F=dl olmi monomer 2t

[27]

=25
— ©

=]
—

S

ol

ME|
= -

32



£3| o|l2{st EZ 2 monomer dropletoll ¥&=2 FAA g=0|, I7[7F &2 monomer droplet
o A% droplet W&ol =X4St= radicall 7= 7| 2o MESE LAHES WUHN)
e M=o w2 S2i7HA =0, fusion #&t0] E0{&F. o|2{st o|FolM FAZ|7} &
M2 B2 FE 2ME Eodetl Jes A2 HEbE . vHH CK-17, 199 A9 =& 2R 2|
stEo| &l ko Jes 9X| 245, phef Zhmo| 0| FHE AXfe| LYHcCt MohH
monomer droplet2| fusion®latmt 0o w2 FHZ Xl SAME0| XL 7o IS
HEX| obE W2z A EAS.[26,27]

Esh (K-79] BT Wael YEE SO S oNel BY £ HS WS Y & US.
olze £ muETel ARl STl Rfolof J|GHE HOE BEHE.

Benzoyl peroxide (BPO)= =0 =X ox|gk (3x1074 g/100 g water, 25 °C)
Azobisisobutyronitrile (AIBN)2 =0 I =2 (0.04 g/100 g water, 25 °C). O|2{st X}O|
of 2|si homogeneous nucleation ME7} E2iX|2 {E 7|2 X0l EHo|A & . HHH
CK-17, 19°] 2% 2 &£ 2T FAZ|dAM recipedte F& X H|E 67 wibZCt =H LS.
Ol MA tHoM olEtE M7t AALIID M2 HEs Jo 2= I7|7t o =2
PUMA HI =7t MA =0 HAZ2A7| mfZol2t EehE  [26]

100

BCK-S CK-6 ®CK-7 HCK-17 BCK-19

80

60

40

20

Phosphor content (Wrg,, %)

~100 100~200 200~425 425~710 710~-1000 1000 ~

Microcapsule size (um)

O 29, M=ot 54 Hs U7 SE=2 €.

=4 s UFo EXste =4 Mo 25 Ex MefE =2elsty] s CLSM image2t
CHH ARRIZ ofziel ARRIO| LIERAAUS. ARIOIM & = AUXKO0| F& s UHFe & &
Mol 2xes o g4dsty DEA HMHUS. 0l= ‘Pickering effect’ 2F Atdt=l= Z1|
. Yes R 4 2o ExE & O "EstH 2Y(flshM ctH Host = O WRE
Ztatst o ZA| YRz HEE 1F™ AlZlI Cl2 =gt HHE7|(microtome) S 0| 23510 &
of ttHE Y Hstso|de=z & g AMRIoAl PMMA matrix APO|2 FHO| & Z0|
& == o, ol F& XL U A2|2ls dAe=z M2tEof, JHE X2| Jted 25
Ct 227 x5t JAZ. AZIAM F& 2xel 20l =of PMMA matrixZt H2| fl10{A
ctHg XS mel &g WrlX| Rt HoiM Lizk ZHez 2l (O3 29).[29]




CK-19HC| CK-170| Of EB+2 AW =2 AXe EHES I
A X|2F TPMOl= methacryla U

J8 30. Mz=gr ched AREL. A
CK-5, B: CK-17. &ZE: a4xd "2 AH,

=27+ FITC mode, 22

ko] Ei7|E HlWsted 2AM5Hien], O ZutE of2fel AR (ZE 30)o ZA

o

o
A
or
N
N

b2
Setel= ot HoME Aoz HEhE . olof CK-170] CK-192cCt F&
7

ol o =& #ut ottt of 8l L2 el K5, 6, 78 4% 5 &M

=MIF LA

.[27,28]

O 31, M=%t & #sel H7| vl (a) w2lTE, (b)

f) CK-19, and (g) =

c) CK-6, (d) CK-7, (e) CK-17,
0|

(
=: 425-710 um)
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ol x| ohxlol A2 DA UKte] BEO|S HEY FMmet %, AMO[Lt spinning, Y S
of clekst w22 £ gel olzks nEA YEYA SHE FMsts wyo= ols 1
3001 LIERA . =, sol-gel BHAIMS AAolAl X ©9lZ WSS FUsH Sasty| o
2o Zojd BUS EWMOR MY 4+ Us wHe

Table 1. Summary of synthesis methods: particle size, morphology control, chemical homogeneity, cost, time, suitable phosphors and limitations.

Hydrothermal

Combustion Spray pyrolysis

Synthesis Solid state reaction Sol gel/Pechini Co-precipitation

method (SS) (SG/P) (CP) (HT) (CS) (SP)

Particle size -5 pum 10 nm-2 pum 10 nm-1pm 10 nm-1pm 500 nm-2pm 100 nm-2pm

Particle size Narrow — Broad Narrow Narrow Narrow Medium Very narrow

distribution

Morphological Poor - Good Medium Very good Good Poor Very good

control

Purity Poor — Very Good Good Medium Medium-good Medium-good Medium good

Cosl Low Medium Medium Medium-high Low-medium Medium

Synthesis time Short - Long Medium Medium Very long Short Short

Suitable All compounds All compounds except  Oxides and Auorides All compounds All compounds except All compounds

phosphors nitrides nitrides except nitrides

ECE fournal of Solid State Science and Technology: 2013, 2 R3138-R3147

a8 41, tdEHE S 8.

ot O3 40 (2x)oM 2= Azp Zo| =M =dof w2t 10 nm- 2 nm 27[E FHA[HA
3701el HAZF M2 Dol 7t =ME TN HdAE gME 5+ Aen, ChE M
Hish g 2ot S 3-8,
CoreZ2= YBXOZ silicaZl ®0| ALSE. Silicas Lhco|E{olA ojlo|3Z0lEf 37|
T AXER M| ol mEM FEQl silicall YAt F& =xe 2 YT
A, core—shell 7#Z=E 712l T 54 =2 248e = AUS. ET silica coreel 3
et Y S5 THSH FHE 54 =29 "HQt AV[E Al =¥ &+ U= FEO|
U2, silicac HFEL £ SZoll dvlsi o MI| fZoll core-shell *+=2| £& =
Mol ohel Y 24 Y STEc O MBE[41-43]
1) 2)
ononeae °§°‘§f§ dehydratisation Cryogel
2008088 cliemical reaction g"ﬂoo chemical reaction drvin .
00000060 o’ yving
Precursor Sol ~ Gel Aerogel
coating # ' \ y
- organic suspension drying
;rppmg wrf‘nrmnt& 'gg \-
e@®
spherical particle in gel structure Xerogel
| |
Calcination Carlemation Calcination
l
Thin layer struciure Powder Ceramics
T8 42, Sol-gelHE ol&et H& 4xf oM Ag ghHof| of
o 2.
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(a) Precursor solution Agent (b)  Precursor solution Agent

[Towen [ owen | [Gvems | coeeng sgem [ronn [t ] [ |- Oweson
=28 et | Pssaspen [0 | i) | romemsied | rommerinnsoe
g
L )
-L ) @ rm—
:j@ [FRaE™ |- remomomcimsan
8 43, Ay g 3 SME (a) 38 419 1H 3™, (b) O8 419 2
=24
Sol-gelHE o|8ct H& =ZF9 A2 I8 410 TA[SH il Zo| F JX|e| o=z
LiFof Zalish, O3 419 1 BH S core-shell +Z2 4st= 2 = 713 ol Al
= SO 2 precursor MUl sStHIE o2 WM E solol ®7|=2 surfactantE & 7tst
0 gel =2 FTHAUAE THst= WHO=Z ol Eiel ™2 S M Hefe =&
=22 g2 = U= 2l [31,33] 28 412 28 SH2 sol alEfoll A A =3y 3} —’F7P§.
ol stetitS S &l gelE @S =, gel2 29| Hd=75l0 xerogel° M=zfst ol &
MEl S Sl Mztel SHEefz 52 222 g WHoZ o] gHel HAR, sol-gelHE 0|8
i AEEE LFO|UHOIEE &Mol=0 7HE ol ALZE .[34,35] I8 412 1, 28 3H
of thet Ay g a8 429| (a), (b)oll 2Hzh LIEHY
AEEE %—?—DIHIOI £ gMSt=0 228 precursor 222 IA nitrateAl, oxideAl,
(nitratetoxide) AIZ LI+0 A&t AMEE 222 ofaflel I8 4301 LiEHA.

Nitrate +Oxide 7|

SHNO3), SrCO; SHNO5),
AI(NO3); - 9H,0 Al,O; AI(NO); - 9H,0
Eu(NO5); - 5H,0 Eu,0; Eu,0;
Dy(NO3); - xH,0 Dy.0s3 Dy>0s3

O8 44, AEEE UF0|HO|IEQ| precursor =2 .

 AMes TS| M, sol-gelHS 0|&2510] silicas &AMe. F&€o| silicas Stober
processol| k2l FSH=E . 21 mLe| TEOS, 9 mLe| &S/, 245 mLe| A2 L|otE 225 mLe| of EF
20| Y0 AL20|M 4A1ZESoF =255 T /A B2|E Sl 22 F, olEFE2E 48 M|ASHod

|
2=Z.[31] O 4= HHE silicael SEM 241 Z1te.
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T2l silica

A Xt2| SEM o|o|X].

=M Z3 "W 300-400 nme| AAES JHX|= silica YXE &AM , o SPE|
silica X7} StMEl . silica YAIe] A7|E pHE =X3Glod =He £ A2, I8 42 (a)2
2A Mo w2} olz Ade XMSIH D, flux AI7F od5ol w2b, silicall kol a2}
BESAIZ . ZI= I8 450 LIER .
No Flux, silica 0.5 g Flux, silica 0.5 g
O 46. 38 42 (a)9 3H AEHoM YA silica A}
o| SEM o|o|X]|.
?lel Aol EDS =4 Z3F M mpHollA HIIst silica(Si, 0 ions)2t AEEYLD, F&
E22 gtMsten Z 2% precursor SRS AEDX| &2, migiA olF AldEoAM =
=229 M {FEE =lsty| 2510 fluxlt silicas ASHK &2 AlEfoAM S 22
St Als] 2 x|l 5t
H o =20 = o 3
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Og 42(a) A™OA nitrate Al 222 A<, Sr:Al:Eu:Dy=1:2:0.01:0.022| H|EZ oxide
A =Ze A<, Sr:Al:Eu:Dy=1:1:0.05:0.012] H|EZ, (nitratetoxide)d =&
Sr:Al:Eu:Dy=1:2:0.05:0.012] H|ES Yo AH

Agent 222 Y= citric acide] 4= ZE0|ESE 27|+
olzel MAl =%2 F tiel = dH|e| LS I, PEGe| 47 FTHEISZ L7
2 MA 2o (mL)el 0.1 g= &7F (0.1 g/mL) el 22 AT, Agen = |
= Sz AISE. ol 2 SF/FFS
agent SN S M=& mje] 2= 80 Colo, HLS Al7
x

=242 24 o E22 1 MA S [31-33]

dxzle] H¢, Bt 2 MAHSH| flsh olof =fI7[0ilA 900 ° CollM M X2|E AAl
=, 1050 “CollA (& 95%, =2 5%)2 2= &t =27/ =22 SHAHA 2EE
& YFOo/HolEE TME.

Nitrate Al =22 AdHolM o= SFTE ALEStH, 24202 B2 HAY =5 4
2| o ¥oXl= mPHIE fUS. 0 57t
E

2 HolE BE TASOIN TPC

Precursor =210| oxideAdl =Z&¢l HAF, 0|5 ZMtrte| HEEsE Sofl LIO|EE|0|ESt AlZ]
T, 0|F vigs XddE. wW2iA ol SFFR gats AIEE. 2E |{A 22| F oof
HE ¥=2 AUA O|E SEMZ} EDS M2 AlA|SIR S W, Sr, Eu, Dy 7} AE=X| &4

A
T /\AJ\A—T’—
=
=

S, EAZs 07 460 Lhehd .

(a) SEM images

W spectiun 3

Element Wit% Sigma
0.31
0.22
0.22

8 47. OxideAl =
images (b) EDS 7241}.

o
o

AXte| A7 "o 2 pmolo, =22 S0| M2 0| MU= AE =feld. of #2




et milling I8 HM siZ 7Is&. EDS &4 At AX2[2 oo PX2| M= ets
A2 MA=ZJU2LL, Sr, Eu, Dy =& AHA7F AE=(X] 2US.

Precursor S XM= =, Agent 3HZ} =3 Al precursor EHS
&

o
oz =75t Mol & SolUX| 211, FEMEO U= AE &ele. ZIF2Z Sr, Eu,
2 b

Dy O|=0| & ZslxlX| &d=ctn Eeker w2fA precursor SUS M= mf ALEs5t= Sof
ol k2 s=2|7|2 &, (HA9 HIES =¢.) o] Age #A =1 ZAS| HIS2 99:1
(v/v) &

oI &2 HIg2 g1, =1 Fie| H[E&2 911, 4112 5t dEHS

2= ol =
Aol Zofet OiXIIX|Z Sr, Eu, Dy Ol20| HE&SHAl 25, o Al Z3f

| 8ol BujE BRAZ fu,

rot Al SN
i 22 Mol HE2 20:1 - 41177}

00
Hu
ol
2
)
”.*
9 (1o
ul:J

Dyo| M2 AL =2 2
A =Fslo dedg zdet. d8Lt 2E ZZolM 2T A 22 &, u?H delE ¢2
T UAS
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% Precursor solution (oxide #|)

—mmmm # Oride + Niric acid —» Nitrate

Rate (mol%) 1 0005 001 # Solvent: dilute nitric acid (DI water + Nitric acid)
- DI water : Nitric acid = 9:1 (v/v)

e s . - DI N d = 4.1

(a) D.I water: Nitric acid= 9:1 (v/v) LD W)

Element Wre Wik Sigma
4155 067
5845 067
100

Weke Wik Sigma

“9 025
5501 025
100

Element Wt% Sigma
C L 0.27
(0] : 02
Al i 017
Total:

Element Wt%  Wt% Sigma
(o] 4338 024
Al 56.62 0.24

=2 (a Al A=9:1
(v/v) mf, &2l MZo| SEM o|o|X|2} EDS &4 Z1} (b) & : AAk=4:1 (v/v)¥
mf, &kl MF2| SEM O|o|X|2} EDS &4 Zx}.
Sol-gel SHMHOoZ AlS Al SRS LAE 2E2 pHY . 9| Algle AL HIE 2+
2 =AM Fs5Id 7|ES Fot FIMAEQ AHES S&l precursor =2, agent =22
SH7F & == 2F2 80°C=2 ZA™eE AW, pH EESH S5 A2 I8 480M HE= A

—

= t =
2 ZefolEslsto] ghasl 2] Fx2of stetEg d4dstHM = 220 g2dEe AW




7ts%t.[385,36] kA O]
Lo H

% Mol M=
g Hds| Yol pHE Z=H3I ¢

b e

o]

o

r M 2l §
HA|ZtSot XS HESAIZ . olof Tist MY =AM E= 8 490] LIERS .

(@) (b) (<)
Sr?*-contained Al**-contained
SR | - = ,
/—- ) \ o ™ o
asf = o / \ o— o P
- —— A )
sk F — o o
—_ = = —a— AlH Cil) EG
= g ¥
3 il i.. e bt |
= & [
= ol I\ \
[ :
£ T - N
g O O s 0 | B T ]
L2y o
Eu?*-contained Dy?*-contained
o e —
os —— ox [—=—uy |
2 Eucn _z._ﬂJ'_.‘l
Fo g
H 3
Z os % o4
6 X-ray diffraction pallems ol SrALO,: Ev®', Dy*' phos- = =
phors prepared at pH of solutions equal 1o & 1. b 3, © o3 o
Sandd 7
Adv. Applied ceramics, 2015, 114 ook o ook g
3 ) 0 O 8 z 0 0 O ] b YIS
s i e Clerie scld
Pure SrAl.O, phase was obtained due to well mixed Adv. Appiied caramics, 2015, 114 | o)
homogeneous sclution as well as complete = . i i
: K . All metal ions can be completely chelated with Chem, Mater, 2005, 17 1783-1791
chelation between metal ions and citrate ligands at citrate ligands at pH=6. ' U
pH=5.

2 49, Sol-gel &HAMOM pHel ¥sk (a) pHoll 2 AEEZEF 2 F0|HO/EQ XRD &
MZAD (b) pHOll 2 precursor 22| ZE|0|ESt ME (¢) Zeo|Estz Qs 12|

- =
TZ stet=Eol dd oy,

Precursor solution Agent
| Nitrate 7| || Oxide | | Citric acid l— Chelating agent
| (Nitrate+Oxide) 7| | Polyethylene glycol Polymerising agent

]

Stirring

Ammonium
solution

pH control —| —

Stirring

¥
)

Precursor 222 nitrate A2 35t Ad
A2 L{olE &l

o
o=
A2 s¥E soff g2 ufHE M2l =, 24 24 o= O 501
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Rate

# pH control solution: Ammonia solution

# Solvent: DI water

(mol.%)
{a) SEM images {(b) EDS data
Element
C
(e}
Sr
Element
G
(0]
Sr
51. Precursor =& (nitrateAl), pH control(pH=6) mf,6 =t M=9
(a) SEM images, (b) EDS &4 ZI},
O|Me| nitratedl 225 pH =& gi0| AEoM otFE SZ0| FOX[X| LU diH - 0]
Ho| Ay ZujolM L2 merel A9, Srol A&F. Ot M9 Al, Eu, Dy AESH
A 5. 2N 22 Ay =7 H= pHE &2 227t /UF. olF A= ctFst pH
ol e AEEEF LF0|HO|ES oM AdES Tde. mi2iM pH 7, OlM AEHZE T
gt O Zab= a8 510 LiER .
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--mmw # Solvent: DI water
# pH control solution: Ammonia solution

002

Rate 1
(mol.%)

(a) pH 6

W% Wit Sigma
214
3609
3478
100

(b) pH 7 () pH 9.5

Eement  Wi%  WrkSigma
Element A et o
5w om AR g 2

A 015 002 d 7 st 21
018 - Totsh 100

Element W%  Wt% Sigma
C 3812 027
o 1726 014
S a9 012
Total 779

Wi W Sigma
c 151 031
o 22487 02
6 027

g 52, pHoll w2 22& st Z 3} (precursor: nitrate Al)
SEM image®t EDS &A1 ZI (b) pH 7& &, SEM
SEM image2} EDS &4 Z 1},

(a) pH 6Y &=, image2}t EDS
=4 Z2 (c) pH 9.58 &<,

o ZAollA| DIEVIXIZ FMAMOZ §r 0|20 HEES Solst sl M =70 ge
{22 ot Al, Eu, Dy7b £7|%ef 80| =X 5t

Ol M&E Sr o|22F H&&l A

o
=
o7t &E A2 =elstir|ofl HMIEE Al, Eu, Dyel 20| o 220

M M= Al AL 5|
M=oz} EEtstd MAAMel =2 =ol7|2 ZAA-™e. wEtM precursor 222 =
108 7kX| =2|32, pH= 5, 6, 82 =Hsto] AES ZI& . olof tist Ar= & 520

. olme| =7 pH= 0.70IAZ.
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Rate 02 # pH control solution: Ammonia solution
(mol.%)

(@) pH S (b) pH 6

Eoment WK% W% Sigms
c 39 &

o an oy

S “n os
Total 10

Element W% Wik Sigma
¢ :em  om
o 2907 o
s 366 018
Total 100

“After
feduction

Element W% W% Sigma
2637

aE 53. pHoll w2 =& &AM Z 3} (precursor: nitrate Al, = 102 5= S
JINZHE ml) (a) pH 5 Z<, SEM image®t EDS 241 ZHD} (b) pH 6 Z<, SEM
image2t EDS 241 Z 1} (¢) pH 8 A, SEM image2} EDS =4 Z 1},

2 Ay ZIx oM ZIietb olEIIXIZ precursor 8H0| s =& | 108 7HX] 52 A
2 oAU S W Al, Eu, Dy O|20| HEEX| 25, U3 2%, AlZt, 89 pH, W9 =
T, olEel =H|, dxe| 25 E AlZtS 25 1125t Ctekst =AoM AYE A5 S
i, precursor SW2Z nitrate 222 AMES 49 AEEE UF0|H0IE 2238 ¥
NUS. U2tM Ol F CH2 precursor 222 22 HHo| ASHZS TS st

Precursor &2 (nitratetoxide)l =2& AIEsI¥ S W, pHE 3, 5, 6, 7, 92 LC|IFst
HES °

= )
A zmmstol gkeg musiol 2E A 23l A, DRHE AS £ S, w2t

Precursor =22 oxidedl =22&& AL25t
3.8, 7, 92 =Jsl Algs Fas. A1l

7} 0.29 2.

o, 23 Fie| v|gS 912 DFE ¥, pHE
= = =

2 530 LIERH . Oxide
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(b) pH 7

2 54, pHo| &
(a) pH 3.8¢
c) pH 9¢

=M 23t (

I T T I T - e Wi

# Solvent: dilute nitric acid (DI water + Nitric acid)

Rate (mol.%) 1 1

(a) pH 3.8

Elernent

—_
=72

42,

0.005

Wk
1903
2481

W% Sigma
048
029
02
031

oo1

» Nitrate

- DI water : Nitric acid = 9:1 (v/v)

o} (precursor:
SEM image2t EDS &4 Z1} (b) pH 7& &%
4%, SEM image2t EDS =41 &1},

oxide Al)

¥, SEM

Precursor =Zl0| oxideAO|, pH =X EZ st¥=2 MW, ZE =Z0M Sr,
Lt 0473| Eu, Dy Ol22 HAEEX 23, 0l 8Y= M= Al Eu, Dy Ol
HMI7t=|A7| j-2ol2} Eehsto o|F AEolM Eu, Dyel 2Foh sHif 52 AEH

1, pH= 3.3, 7, 92 =Heh. A Zo= I8 540 LLE

=7| pHE 0.4%

image2t EDS
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{a) pH 3.3

8 55. pHoll e =

2
image2} EDS &4 741} (¢c) pH 9 SEM image2} EDS 24 ZH 1}

?lel Z3 pH 3.32] A% AlTE HEEHAJASLE pH 7, 92| EDS &AM Z3} Sr, Al 0|%0| LR

HAEE . 2L} Eu, Dy &2 s5HfLE S5 S0z 2752 EDS 24 Z 3} Eu, Dy AEEX|

2. S 22X, AlZE Y pH, ¥ =, o229 =H|, EX2 2k Elc' AlZte 25

125t Citet =ZA0A MEHE TSRS M, precursor EW2E oxide 222 ALEE

A9 A2EEE LF0H0lE 222 ¥2 F sUS

sol AEHOA] surfactantE F715H0d sol x| &
AMlsol A<, precursor =20 w2t cfe

o —

= S - =0 o
Z7olM AMEE HI £ 2AS BHE 5 YUY Wl olF Fuimel MHg MY
AL

T

2t o|=ofl I8 412 2 ZAQl sol-gel-xerogel-ceramic HEfS| SAERES M=
o2 MEsS AT A2 I8 42(b)o =MEo =ME T™SHR| 21, o AF9
HoOolEHE HIEHSZ F7H pH =M S HIZ sto] AYS Zsish uf2iM a8 412 28 33
of A% & 559 =AMEZ AES et
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Precursor solution Agent

| smog, || Amogseno | [ citicacs | Chetting agent
| Eu(NO3)3-6H,0 H Dy(NQ3)35H,0 ‘ ‘ Polyethylene glycol |— Polymerising agent
Stirring

oH | Ammo!ﬂum .
controt solution 3
PHI 6~10 Stirring at 130 °C  |— To remove water

Drying at 300 °C Gel to xerogel

el at 9,00 T L 1o remove erganic residuals
for 2h in air

V

Reduction at 1050 °C
for 4 in Hy/Ar

8 56. 8 4129 2 Z3H™9| Al =M.
AMlSl2 pHE 5, 7.7, 8.6, 9.82 =M1, silicac M7}5HK| &2 AEfol|A] A= Al
s Z3= a8 550 LIER . 2 AE ZI 2ol A2telo| EMEYSL EDS =4 Z 1}
A4 ol 2B AEE. Of ilicas 0.5

precursor 9o{& &
g d7ts5t0 oM AME=E

o= % 5601 LIERSY.
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Before reduction

After reduction

€)]

CI):-IO-li Z2xl 0|

5t2]
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(a) Before reduction After reduction

(b)

I Map Sum Spectrum

O8 58, I8 412 2t 3™ AlE Z3} (silica 0.5 g):
(a) pHoll 2t Hoizl 22| &2l XM= SEM images, (b) EDS
=AM Z3} (pH 59 E%).

(=}

el At Sr, Al O|22 dE=HASLE, F3| o|aZo|n{, ol HIE0| 2 =52 Y

4o i — =
= USF. Kot Z+2Ee| silica Zojol F2& =220 Mo{X U= eI} otH2, & =2
Zo| ¥zl =Z&0| black wh

%ol silicaZt =28l "elz &=xe. O3 580M E= Az
OOl HHEeflz A2oni, O|= xerogel AEfoM ZETH H=7
oflM Z2&9| carbonizationO| Yot HoZ HhChst

o
-IHJ

O X|X| gfot dHz| oty
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xerogel & 2LEMIM sHFE 0|4, 150-200 °C ol 2EdlAM 24

Holl M silica &7t ofFol w2l, 4= Aefof
5ol Ad Zat= O3 59, 600l LFEHH .

Silica

Completely drying

Medium drying

8 60. OB 429 2H =™ A

(silica 0.5 g, pH 7.8).

SEM images

o
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M spectrum 6

Element Wit% Wt% Sigma
C 77.86 032
- o 845 0.2
- Al 314 0.05
" Si 245 0.06
= wlr " s Sr 4.53 0.16
0= P o T (IR ST T I T ] LI SR T I S LI TN R S WA SR R U
CI.- <I ‘: »! - 1I'u 1I2 151 1In 1i& L:elv Total 100
M spectrum 4
Dy profile
Element Wit% Wt% Sigma
C 719 0.43
o 11.12 0.24
Al 3.26 0.06
Si 3.03 0.08
Sr 6.37 019
Eu 0.37 0.25
= = - Dy 0.4 031
A EESERERRRT AN AR R PRI 100
J8 61, a8 429 2t 3 AHHAM HOE mrel 2t = EDS B4 A1} (silica
0.5 g, pH 7.8): (a) medium drying, (b) completely drying.
?le| EDS BA Zuf 2b™5| AXREX] L2 MEfo MEO M= Eu, Dy7t BEEHX 2LUS
2 AxE Mefo] YEolM= Sr, Al, Eu, Dy, Silica 2% d&&. 2L} {X3| Bt
o H|g0| =11 black ItH2l HElZ HO{XH{, F& M55 XX 2. =, ozl M
20 ZE SZ0| /fEHAHcezE EMY ¥, AEEE LF0|HO/E =Zo| HME A2 otd
ZutMoz O8 412 2H S, = sol &tEfolAM A=3pHnb FIHAEQl ststHls S Sall gel
2 dM8st &, gelE2 &0 =50 xerogel= MZEsSt olF HxXelE Sall M2 HE|
2 54 S22 ¢ dHAM BE 252t pHo| w2l cekst =20l At Z3} Sol-gel
HE o|Sst =2 222 4 = gldS.
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(5) SEHE o|Bet FE Ao &N
Solution 1: SI{NO;),, AI(NO;);9H,0,
) Eu{NO;);, Dy(NO;); dissolved in DI water
L Co-precipitation ) Solution 2: {(NH,),CO; dissolved in DI
5 water
Filtering
R
Drying
2
Milling
2 2
Annealing
¥ 4—[ B.O, addition ]
Reduction
a7 62. Y 4% BAS A8 BAY 2ME
2" 610l LiERt M ZoA BE HAHY AAES SHRF =02 8% 13} £ otmg
g ZR%ol =l 8% 28 Aol ZF e TYE. MillingAy s Sof 2He =Me
TstA =Hstn, Eie nYEg So Yostes =22 AEEE YFOIHOIEE HME.
O 5 54 45 2MAF17] flo X2l BO0:E LHHIEE Egte. e =Fe =4
A5 geb2 flal Eu 2 ntE 2 AHE L [37]
= Dissolution » Precipitation
© AINO); — AR + 3NOy « 2AP* + 3C05% — A(COy)
+ Sr(NO,), — Sr2* + 2NOy « AL{CO,); + 3H,0
+  Eu(NO;); — Eu?* + 3NOy — 2AI(OH), + 3COy!
+ Dy(NO,); — Dy + 3NOy « 8™+ COs% — S1C0,
+  Eu®*+ CO,% — Euy(CO,)%
« Dy*+ COz* — Dy,(CO
o (NH G0, + H,O — 2NH,* + CO3% Y o Dyz(C0):
= Annealing = Reduction
¢ Z2AKOH); — ALO; + 3H,01 <300 °C
Eu®* — Eu*
e SrCO; — Sr0 + CO,t 700-800 °C
+  SrO+AL0; — SrALO, 800-1200 °C
T8 63. 5 4oXf M E fIet SEAY vE oAHAYUS
a7 620 LIEHA HEE S HY AEEEF LYF0|UHOIE HMe. dols =2 AEEE &
ZFo|H0lE M E sl ¥X2l 2= 800 C olatez =HE Fu e IME Sl 5
ds2 gaAd . [38]

57



CP - 2 (STjAIz_z_gO‘g:EUD Q?DYU oz with 8203)

8 64. SEHE Sol HME AEEEF LF0|HO|E SEM O|n|X].
8 630 LEHH LFE0|HOlEA =& =22 SEM o[o|X|2 Hol 8ME HIitg ZE<F
(CP-2) 8HME HIISHK| gigre wi(CP-1) 2ot At A717F gdE Hdes 2 = US. 4
SEM O|o|X| 2{ZFe| ALXI2 HME =4 S2S Me MIZ=2 1568 ¢t 07| AlZl = 2o
M g, o] AIRISE Hot 8ME HIMS o 3|7t E7Isichs A & 5+ AUS.
{a) {b)
KRR
N awn i
/;//—\‘\\ 5 PN
- & N
K 4 AN / §
& £ \\\ S— = N
LN N s e
\ | Iwt% e
L -
| 5 wt%
Eaiasion S;ecf;"«fm {BraL O R0
{2rA 0 B vy

aE 65. (a) M HIIol| w2 intensity 3}, (b)

FojUlolE2o of7|utE.

Mol B0 HItsHA| 22 M ET B0sE 2-5 wt. %7kX| MItsto] gh= MES2| intensity

8 = 3
£ H|WHE™ B,0:E 4 wt.% AIIES B 7 =2 intensity® E¥1, 5 wt.% HIIH
= y 43K 64). O] Z1tz2 Hof A ¢l

ST =

42 4 wt.% IS WECH intensityZ7b &
OEI-

B0:E HIISHE HISS 4 wt.Wh HN ZAYS U 4 US. JPLOZT BN AEEE
AzoluolE Y B oIS EAYS ©f 378 molM Hop T3S LEpfUD,
378 o Tl YIS 0f7] WIS B & US. 0|HOE Hot PME AERE AToly
OlEQ| B, HUYBOR FE| 07| Hol WBF + Ucks HE Y + US
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514 nm

l Co-precipitation | Sr Al Eu Dy Tb
Sample 1 0.96 2 0.01 | 0.02 | 0.01
3 Sample 2 1 2.24 |1 0.01 | 0.02 | 0.01
% Sample 1 Sample 3 1 2.24 |1 0.01 | 0.02 | 0.02
£ 2:2:::2 Sample 4 1 2.24 |1 0.02 | 0.04 | 0.01
z::i::; Sample 5 1 2.24 | 0.02 | 0.04 | 0.02

e 540 500

Wavetength {nm)

Emission spectrum
(SrALD,Eu, Dy, Th)

a8 66. SN M Al =d Hatol| WE FH intensity #H3h

DopantE Eu,Dy# o2} Th7tX| &l
HHAo| 514 nmZ LIEHE. ME 39| A9 7HE =2 intensity”Zb LIEHE.

g'k
=
J
o (N
ol
[
Hh
o
]
[l
19
0x
ﬁ
2
ME
o
E
|
rir
A
1=

(6) DS olEet F& 22 &

Mixin ] Starting materials: Sr(NG;),,
| 9 ) AINO,),9HL O, EU(NO;)s, Dy(NQs),
A . .
. Annealing Reduction
Milling | Heating rate: 10 ‘Cimin | Heafingtime: 21 | Hesting rate: 5°C/min | Redustion tme: 4 h
L » 400°C,2h GBI 7T, 41
8 a0 & 1000 r
Annealing g/ 4r \ A
L J / \ !’,,'
L 4 0 £ s o /
") O d 2 3 4 5 ¢ 1t 2 3 435 8 7 & 80N
. Time Tyme thy
Milling -
ad —[ B,0, addition ]
Reduction

qF 67, AW WS 2ME W AxE =4,

A S

400 COlAM 2A|ZbSoF dXE|st & sHH O n
ol B,0s2 AM7I5t1 1050 COlM EXEIE 5t Fug HAIZICt olmf X el 22 2 66
o| (a) HIO|EE &350 4 wt. %= ZAE.[39,40

NEELTREPNL
7
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i -
SS — 3 (5r,AL 500Uy DY 0 TBs oo Without B,O5) S8 -

a8 68.
Xl

o

08 682 SS-12} SS-2= DopantZ Eult DyZt ARSI

2 . AN e :
4 (s.rlmmozl g1 DV 02 TBoo: With ByG:)
& YF0[|4lolE SEMm ola]

8S-31} SS-4+= dopantZ Eu, Dy,
ThE AtEe. 2|1 SS-11} SS-32 SHME HIbstX| LU, SS-22F SS-4= X ¢l B0,
4 wt.% M7I510{ S& =& S ST, §5-22F SS-1, SS-42} SS-32 H|W;MS I SHE
7t5t9 e 9 €A 37|17t 7t & ot e, =7] 3 =IF S5 st ot
Moz SN 5T 2I(SH) Y Wl ByS i 7| Tt Hol
3.5 +
_~b:SrAl 0 Eu’,Dy" Th"
30
254
—; 204 Initial luminescence brightness:
E 2.50 cd/m? — 3.55 cd/m?
z,,]
1.0+
054 | .w:SrALO :Eu" Dy
004 Figure 3. TEM image of the product obtained at 600°C
’3 560 1OIOU 1 EIOO ZDIOO 25300
lime (s)
Figure 6. Dccay  curves  of  SrALOGEu™.Dy"  and
SrALOgEu® Dy Th*.
Luminescence 2047, 22, 554-558
% 69. SrAl04:Eu,Dy2t SrAl.04:Eu,Dy,To2| ZHEA|ZE "W 2 TEM Of
o|x[.
8 69+ dopantZ Eu, Dyt To=2 &H AFE5I0] =7 3=t FH AlZtS A7 =2
of TtEAIZE TJeff= . AAEHZ 035104 SrAl04:Eu,Dy2t SrAl04:Eu,Dy, ThE MR, F
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Fig. 8. Decay curves of nano and micron SrAlO

s EuDy.

Journal of the European Cerarmic Society 2000, 20, 2129-2132
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Si(NOy), | | AINO3J3 SH,0 | |Eu(Nog}3—ﬁHzo | | Dy(NO)5H;0 | I TH(NOy)s 5H:0

Addition B1O; Addition B0

T2 71, [AMHDL ZAHS 0|26l AERE o

o
SolU0|EE BN SHE MEO| HE BAE.

Fig. 2. SEM images of Micro-size (a) SrALO4Eu® Dy, (b) SrALO4:Eu? Dy* . Tb* phosphor and nano-
size (c) SrALO:Eu? Dy* . Th** phosphor; the inserts are the optical images of phosphors in the dark after

excitation by xenon lamp, respectively.
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SEM O[o|X[oflM E= It Zo| Mot SEHEe=z ZtZf 0jo|3 2, Lz A}
=20 = Act. Optical O[o|X[E 2™, To7t HIteEl =& =2 4=,
b2 HIIsHA &2 =Zoll vlof 2 A |22 AY 2eld £ Art
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Fig. 3. XRD patterns of the micro-size (a) SrAl0Os: Eu?*.Dv*" and (b) SrAkOq«: Eu® Dy™, Th™*.
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Fig. 4. PL spectra of the micro-size SrALO4:Eu’. Dy and SrALO;:Eu? Dy*,Th* phosphors(a) and the
micro- and nano-size StAbO«:Eu®’ Dy*", Th*" phosphors (b).
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Fig. 5. TL spectra of micro-size StALO:Eu?" Dy*, Th¥*
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Fig. 6. Decay time of all samples
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otz 18 768 A8 ZElA H|EES HF Moz EHHAIIS HEAIZI T, &M T8
£ X M2l(silane) SHEAYNES ZYSE ZATEMN, 222 HEQ BH HZHS =
x

bl ||’ k ||»
B v v, -:. .
Etching

(in 5% HF solution, ~ 1 h) Slanization

Filtration (in Toluene, 2 h ~)

Glass bead '
\ei?/
V

(=4718)
Scanning Electron Microscope || R ||
Water Contact Angle L_)

Drying (80 °C)
Filtration
a7 77. 2atA =0 EHAIT| WA Y cHEXiet 3Y 2AE

£ AFoAM= 1871lel EtLAMQl Zo|E JIX|= Alzel &2l Octadecyltrichlorosilane

[— = =
(0DTS) & &8 =22tA H|=9| EHol A2 S¢t FE5I0] #HE 2pdez JHAESINUS.

30 ~ 1000 um °f ciet F7[E X|H= S2fA HIEE 10 mM 0DTS (toluene) EMHo| 4+
A7 3AIZE Set FdEie| d20M 22, ZEL HE EdE HESOlM Fof SF
EME MAAZAZFO, OEtS S 0/835t0 UolE. HESolo| ZBZT 22tA HIEE 220

2asto] A=AIE.

ofef OB 772 A=A HM2|s 30-50 um A7|E JHX|l= ZEIA HIEE AMz|Z ol ¢
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of 24t A7l & SYUH2S HoELLD HSMHS WIlst Ao ZE LIEH . Z2tA HEE Mg
2 ol ol EAAZ = £ SWo| SEIA HEE 24AZ] T OB S 0|50
E™oll 1) drop-casting HS Sdi ZEs5o] ofEE WS T

o

= AIF|HLE, 2) 098] THX|
rom @ Hof|Al spin-coating st= F 7HX| &HHE o€t
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Drop casting

Spin coating — 700 rpm

12 78. Drop casting % spin coating (700 rpm)&

Sofl 2&AZI 2t
HE EH foMel 222 &2 (a) L =22t2 HE (b) &5y 22k

=2lA H|=o| 10 mM ODTSE Xzlst § 2w §sadsS 53t 23
spin-coating E™ M EF HFZF 120° o|ate| &M EHE HS

A 2d XM2lE 222 B EE ZRo| = &5HE

rop-casting %
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= olalg Saf 22k b= EHo| AHAHI|E =X

a8 783 795 B2kA BISE 5% HF 8ol TAISHE AlZko| mhe} Waksts Zata b|Sel
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Al A T2 EXE F2lY2 100 um olAtel A7|et 2 A7 2ZE JHX|7| mf 2o
ofehel &2 A7 EXE JHX|= Z22tA HIE MES 0|3235t0f Z2iA H| =2 EH of &z}
AeMHe| Mg stE o], 22| sample 1, sample2, sample 30f CH st Zstsdo|d

Sample 1 : 300-600 um (30-80%), 106-300 um (10-40%), 600-850 ym (5-30%), 106 um 015} 0-5%
=38 :1.5-16

Sample 2 : 300-600 um (40-90%), 150-300 um (5-60%), 150 um 0|8} 0-5%
28E 1516

Sample 3: 200-800 um
=2EE 17

Sample 1 Sample 2 Sample3 .,

o Aelnt OiEVEXR| 2 5% HFEoll 1A|ZE St 'XIsto| E=H HEZ(7F Skt 2t H|
=£ T8 221 Z0l 10 mM ODTS (toluene) & Ol 8501 3A1ZE Set #HE 254 JHEStR
HE|Z 2olH 2o ZLAIZI F SHE FA4E2 SE.

8 812 5% HF =& =Xl AlZhol| e S2kA H[=E9l #HM HAEY| Hat MAEHoD|E 0
o|xjolct. EA[AIZIO| SIS Zets H|=E2| EHO| o dEo EHAAYIIE SoteE

A Ol
OEI-—I_ /\/{E.

68



0 min

T8 82. 5% HF &

Atzo|Zd o|o|x|.

24zto] Mol oM Y
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83. of &
FH 2ol A

5 min

A =X AlZhol| wE Z2tA H[EZ]

b OIEEX|2 0DTS Mz|sto] Me[Z{olx <[l drop-casting 3t
29 ZHo| LtEHH.
Sample 2 Sample 3

<HF etching 60 min & ODTS (C18)=

EagpMo=z JfEE Z2IA |

a5y XelE Sl

Ciefel 37| 22 & M= 22kL v|E9 2ol =22 F20] 1507 of|akel ==
o 22t2 HIEE MEE 5 AA2H, ol L 2 Z2fA B|E0 Hlof HS A =
2o sHEME AMAZ = AUZ. SHXIT o|XME 2pd B2 Zod MElE 2EkA ]
Ec ot S2t2 H|=of Hlsf Z2eotel ETHMol EX] ¥2 F UL, WM ASATE £
2 91 Xte 2™l 2t H4A4 = 22RH gelE 5 Actkes 2HFE JHE.
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TEe Z44N ZalA ulSote] BENS WIS Slsh ATl MBI PONSS B2 e
A7 EBEE "Il olel HEUSY ATE SYsion], 18 3ol HIES 1:10,
HEo| BATE BET AUE TAlY

Silica bead : PDMS (RAHIZ)

| POMS 9t Z8t= |

Sample 2

Sample 3

=2tA H[E=2} PDMSS| H[EE 1:10, 1:2, 1:1 FAH]

a8 84
ot 22t d[=2| Fstedo|d o|o|X]|.
AXIIL 2 sample 30l B3 Sample 1,2 & 1:1 &&F Al PDMSol| UX7F 27 2xEE
ol & £ JUJUZ. o|E Sall 2F 100-200 um 2 LA =gtz 22iA H|EJF 2 dXE
OloflA dYstroz EAE ot Stste dats & = AUUS. PDMS 2 POMS2t Z2fA d
7112 22 MES 0|8st0] 2 ZFEZ4S St ZnE I8 840 7|

Sample 2 Sample 3

12 85. PDMS2} Z2tA B =7}

b ofofXx].
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