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ABSTRACT

Photoluminescence of Y20;—HsBOs:Eu®* Powders

by Mechanical Alloying

Hyun-Sic Gong
Advisor : prof. Hyun-Goo Kim, Ph.D.
Major in Physics Education

Graduate School of Education, Chosun University

The formation and photoluminescence(PL) properties of the Eu3+—doped Y203
and H3BO3 mixture using mechanical alloying(MA) method were investigated by
X-ray diffractometry = (XRD), scanning electron microscopy (SEM),
thermogravimetric/differential thermal analysis (TG/DTA), and luminescence
spectrophotometer.

After milling for 300 min, significant decreases in the relative intensities of
the peaks can be observed. The internal strain and crystallite size calculated
using Williamson—Hall method were 0.00141 and 58.8 nm respectively for the
30 min milled mixture, and the crystallite size calculated using Scherrer
method decreased with increasing milling time(tm). The entire milling precess
could be divided into three different stages: agglomeration (0<t,=<30 min),
disintegration (30 min<t,<120 min), and homogenization (120 min<t,<300 min).
The transition temperature and the weight reduction rate measured by the

TG/DTA were 645.58C and 2.851%, respectively. The strongest intensity of

_Vi_



Eu” doped mixture was measured by doping the 8 mol% of Eu”", annealing of
800TC for 1h and milling for 300 min. Under 240 nm excitation, all of spectra
consist of sharp peaks centering at the similar wavelengths : 592 m(’D,— "Fy),
613 m, 628 m(D,~ 'F») and 650 mm(°D,—~ ‘Fs). The 592 mm emission
corresponds to the orange color, while 613 nm, 625 nm emissions correspond to

the red color.
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Fig. 1. Representative constituents of starting powders used in

mechanical alloying, showing their deformation characteristics.

Fig. 2. Ball-powder collision of powder mixture during

mechanical alloying.
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Fig. 3. Schematic illustration of possible transitions between

composite, intermetallic and amorphous phase.
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¥ 139 % 25 A=1.54060 A & w] Y,039F H3BO32 JCPDS card®]t}.

Table 1. The JCPDS card of Y203

431036 Wavelength= 1.54056
Y203 d ¢ Int h k 1 d ¢ Int
Yitrium Oxide 530200 <1 2 0 O 1.15700 1
4.32900 6 2 1 1 1.14350 1
3.06100 100 2 2 2 1.13040 <1
2.83400 <1 1 2 38 1.11780 1
S S z : -, 265100 25 4 0 0 1.09370 1
Rad.: CuKal a: 1.5405 Filter: Mono ¢ d-sp: Calculated 249900 2 4 1 1 1.08230 >
Cut off: 15.0 Int.: Calculated I/lcor.: 8.60 2.37100 1 4 2 0 1.07120 1
Ref: Grier, D.. McCarthy. G.. North Dakota State University, .8'26100 d 4 3 4 1.06040 L
Fargo. North Dakota, USA. ICDD Grant—in-Aid, (1991) 16000 <l 48 % 1:050000 <1 1
= Co o 2.08000 4 1 3 4 1.03980 2
" 1.93600 1 5 2 1 1.03000 <1
Sys.: Cubic S.G.: 1a3 (206) 1.87450 39 4 4 0 1.02040 3 1
- 3 . . . X 1.81860 1 4 3 3 1.01110 1
2 10,604 b e i G 176730 <1 6 0 0 993200 1
o B: y: 7: 16 mp: 172020 2 6 1 1 984600 2
Ref: Ibid 1.87660 1 0 2 8 976200 1
R EOIE 163620 2 1 4 5 968000 1 1
159860 13 6 2 2 .960000 1 8
5
Dx: 5.032 Dm: SS/FOM: F30=561(.0017, 31) e - 120 e 10
o 149960 1 5 4 3 923000 1 10
Peak height intensity. Calculation of diffractometer peak ijzg?)g 1 2 3 ? gégggg i 4
intensities done with MICRO-POWD v. 2.2 (D. Smith and K. i , ; ok
N > ; ) . . 1.41700 1 6 4 2 902700 1
Smith) using default instrument broadening function (NBS i = " p
- ; e . 1.34670 1 6 5 1 .896200 2 10
Table), diffracted beam monochromator polarization correction, i
: 1.32550 4 8 0 0 889900 <1
and atomic scattering factors corrected for anomalous 130530 o 7 4 1
dispersion. Cell parameters from 25-1200. Atomic positions 128590 s 8 2 0
; i " 285
from O'Connor, H., Valentine, T., Acta Crystallogr., 25 126740 1 6 5 3
2140 -2144 (1969): Y(1) in 8b, Y(2) in 24d with x=-0.0327, O in r o i
: 5 1.24970 1 g8 2 2
48e with x=0.3907, y=0.152, z=0.3804. Isotropic thermal 123270 2 8 3 1
paramelers approximated from values reported for Yb2 03 by 121640 3 6 6 2
A. Saiki, et al., J. Ceram. Assoc. Jpn., 93 649-654 (1985): Y(1), 118560 4 8 4 0
B-0.25; Y(2), B=.21; 0, B=0.50. Intensity threshold for <1=0.1%. 117100 <1 8 3 3

Mn2 03 type. PSC: cI80. Mwt: 225.81. Volume[CD]: 1192.36.

|
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Table 2. The JCPDS card of H3BO3

30-0620 Wavelength= 1.54056
H3B03 d ¢ Int h k 1 d ¢ Int h k |
Hydrogen Borate 6.08000 60 1 1 0 1.64300 3 33 2
594000 30 1 0 0 1.63800 3 133
5.01000 1 101 1.59300 3 00 4
Sassolite, syn 4.79700 4 0 1 1 1.56400 1 4 3 1
= - - T —— 4.61100 4 1 11 1.47900 1 3 4 2
Rad.: CuKal a: 1.5405 Filter: Ni Beta @ d-sp: 421700 5 1 1 1 140100 2 143
Cut off: Int.: Diffract. I/Icor.: 4.06100 2 0 11 1.33000 1 5 11
. 3.52800 1 1.2 0 1.17400 2 4 1 3
Ref: Erd, R., U.S. Geol. Surv. Bull., (1975) 343900 3 110
3.32100 3 211
= 3.18400 100 0 0 2
Sys.: Triclinic S.G.: PT (R) 3.02100 7 02 0
. . . . : 295600 16 2 0 O
a: 7.039 b: 7.064 c: 6.585 A: 0.9965 C: 0.9322 292200 16 0 2 1
a: 92.53 g: 101.20 y: 119.88 Z: 4 mp: 2.84300 11 2 2 1
5 ' 2.72300 3 112
Ref: Zachariasen, W., Acta Crystallogr., 7, 305 (1954) 5 64900 8 2 2 1
2.56900 7 02 1
. . . _ 2.50000 5 2 0 2
Dx: 1.495 Dm: 1.478 SS/FOM: F30=14(.0195.114) 229800 8 2 1 1
; E 2.29000 8 1 2 1
so:  1.3355(4) nop: 1.4525(4) ey: 1.456(3) Sign: — 2V: 5-1% 295700 16 1 2 0
Ref: Ibid. 2.23700 17 2 1 0
2.16800 4 2 31
2.09700 8 1 1 2
Color: Colorless 2.03900 4 3 2 1
Analyzed reagent (impalpable powder), Mallinckrodt Chemical 2.01900 3 0 31
Works Lot RPS. Similar pattern given by natural material 1.98600 3 311
from Death Valley, California, USA. C.D. Cell: a=7.039, 1.97900 3 3 3 1
b=7.064, ¢=6.585, «=103.75, p=101.20, y=60.12, 1.69100 4 4 11
a/b=0.9964, ¢/b=0.9321, S.G.=P-1(2). PSC: aP28. To replace 1.84700 3 21 2

9-335. Deleted by 25-97. Mwt: 61.83. Volume[CD]: 274.65.
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T reference T sample

T Sample T Furnace
(measured) (measured)

Balance

Sample support

furnace —,

Sample
Furnace

Fig. 4. Horizontal and vertical TGA diagram.

At o2 TGAE 284 37 (inert atmosphere)ol A E&-2x= 9} Hajuk-g-340
et Ax ok opygl Fv A4 37 Sholl A 434 (combustion profile)ol] o

3t A7 7hsettk. Ad 79 (coupling technique) 22 482 EGA(evolved gas
analysis)7]s2 aL@xbe] Aol o 44 A5 A % FA oItk =, TGA
MS(mass spectrometer)4t FT-IR(Fourier transform infrared spectrometer)S ¥
Aste] AlmeRE HEE e s A4 B8 Aotk ok e TGAC DTAE A
star Qe Ag FAEEE B2 &9 (endothermic)¥-5-3 ¥ (exothermic) W<

k.

s}
=

B\
o,
4
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, &) §), LA, 7HEEH(carbon black), ¥4

fr(carbon fiber), 3]%(ash), S A (filler) &2 HS H=3}

o A= 34 =(decomposition kinetics)7} i

AL

1l

o 7}

=
LA

Aeiet Az ] o

=]
RLe

ﬂ

et e

AeFE2 7 Hmass loss step)o] 2%} 3t

=]
=

oy} Z+Fgf(residual solvent),

= ug, mg)E ZAAHL =

o|(% T

=
AL

b

e} ohed.

A28 DTG(derivative TG) 23419 32

o7 olFH. TGA
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2. NAEEHH(DTAS 4T

AlAFE A1 9 (differential thermal analysis, DTA)ol A& Al&et 7|EEHDS s
7FEZ(furnace) WollA 7FAAA A gek =24 7IEEEe] 2%
(thermocouple) 2.2 ZA gttt 19 5oA B wpel o] Alme] 44 wsts #A4
S GoolA 44 Wsts dovA B B84 =49 Huge

2
Ao Ao 2xvte] 549 o Bo g% AoetA 549 & Arh

)
¥

Fig. 5. Heating block of DTA.

(S: sample, R: reference)

U A2} VEELY] Lxayl wAstEd AlEo &

&
7FE A AR S8l B mbA O 2EAE S H
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sample
— = time

i ! vl

reference
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e S . —

— — Tr or tima

OX3 =— —= O3
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Fig. 6. The measure process of DTA signal

melting pure material.

npe} o] Wrdub-2-(exothermic reaction) %o A&
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file)
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SDTA(single DTA)NAME 7|FEEdo] AREHA ¢k=th SDTAE TGASH TMA,
DMA A A FAlol SAHAT o] 7]&e Aoy 7] WIS kel e 93
AES HAEs7] W&ol TGAS TMA, DMAY ABZ sXsted =8 Fu} o=
Eo] TGAYA SDTAE= F4/4934S st 887 22 ddels AZEsh=t
kS|

ﬂl

AgEY B3 258 7 oM TGAS 25 wAel ALgH.

Jl-)
A&
mlo
_IW'

Temperature difference

Temperature

Fig. 7. DTA curve :

1. initial displacement, 2. melting, 3. exothermic chemical reaction.
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Table 3. 9§ Y=ol w2 A3 A3

3o Upehd v} o] W Aake FEE 9N uALdel el BRI 5 gle
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ool whel WY BAe| TF ¢4 M

Eeiics SJFeA] F2 &8 EoF
X-ray (FAHd) A=A, 8 EoF §
Vacuum ultraviolet(UV) Neon sign
~ 200 nm PDP(Plasma Display Panel)
% u i ——
Photoluminescence = uv 3% W= (Fluorescent Lamp)
200 ~ 400 nm CCFL(Cold Cathode Fluorescnet Lamp)
ar AlZA
e 4(%\’ e ; }J B ¥l 1ED(Light Emitting Diode) 353/0}% ¢ta
10 ~ 40 kv CRT(Cathode Ray Tube)
=4 g A4 300 ~ 3,000 V FED(Field Emission Display)
Cathodoluminescence = y FEICC STSIon 2P0y
~ 100 V VFD(Vacuum Fluorescent Display)

A T

Electroluminescence

I AC/DC field

ELD(Electroluminescence Display)

o] B aBde] R 2 Aol

FHA Y S FE LG E
o}, 19 8 FFA = IwrH o ® A (host lattice:H.L.)®F EA o] 112 A =%

i,

o A8

)

o,

o] (activator:A) 2.2 FAHE AL vEed Aol

(doping)® &4 9] 3
TAE A4 oS AAH = 9T
3} A

by, 1R ERE FiE AUAE Fostel

ojeL dUAE Y wol APHem



73S W] fd A A (sensitizer:S)7F F7FH 0.2 AFEE V| = Skl 18 89
4] EXC.(excitation)= 25 oy A]o| 23k o]7], E.T.(energy transfer)i= olyA A
o, EM.(emission)> %3, 7128]3l H(heat)® €4 &S vt}
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AL N AUAE FHstel AR G W W= e B4 oL
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ﬁ
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Energy

E= —deR = —;k(R—Ro)’
Ro Ry’ R

Fig. 9. Symmetric stretching vibrational mode and

configurational coordination diagram.
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b A dolg sustn] 9% oUAE FuT R

of Hel w2 oA gel fAsta, At W2 F¢ =S et v JERF
& o] A7 Holv UAR F5 s Zo] Fi AxE ottt F3t 3
B w59 Af AR5 %9 5s, 5p AAbsel s A E] glo], FH o]
gt YIS AA ol F M=o AXTF AL Ao whel A WEA G
19 109 excitation 2FE|A 300 nm WA 450 me] S5 W=7} oo &l

t}H21].
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" 200 300 400 500 600 700
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Fig. 10. Y:03:Eu®" @FA| ¢ of7] @ v ~dAEw

_22_
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A3 AE A R SH
A1E A BA

Y205-HBOzEW” #% AR AZE 98] AldrichAe] Yitrium  oxide(Y203)
99.99%(FW 225.81)¢} JUNSEIAF] Boric acid(HzBO3) 99.5% (FW 61.83)& &4|7}
1:10] F == =33tar, 7)o Alfa AesarAte] Europium(Ill) nitrate hexahydrate
(Eu(NO3)3:6H20) 99.9%(FW 446.07)& 1 mol%, 2 mol%, 4 mol%, 6 mol%, 8
mol%, 10 mol%s Zt7t 7bste] Al8E Al#ssit.

A ZEl AlZ+= planetary ball millS AFE3A Ao A EHsY. 4 Z2HS

H
Ju

= 80ml AAY X237 H(zirconia milDolA &3 A5 FAH| 7} 50:19]
2.68 g9 A5 A4 15 mme AEFF T(zirconia ball) 1370E AFE3lo] 500 rpm
o] |H&EERE ST

A5 Al ZHmilling time, tn)< 22} 0, 15, 30, 60, 120, 18]a 300E°o.= 3130
A0, aho] WsA 7
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- .

Fig. 12. Schematic diagram of planetary ball mill.
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]

A
% 132 Perkin ElmerAte] LS55 717124 Eud mol%d, dalg] 2% 2 A7t
W Bl ¢ W Zo] wE Y,04-HsBO3; 5 Euttel #y EAS dolry] ¢35}
520 mmollA 700 mmAlole] e wE v ALE SAHSEATE. Zenon discharge
lamp(20kW)S o] &3}4] excitatione 240 mmE A3}, Excitation Slite 10.0

nm, Emission Slit< 8.0 o2 3} 31, Scan Speedi= 300 nm/min®. & &} it}

Fig. 13. Schematic diagram of LS 55.
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Aay AFd43 2 uF

A1d X-A 3d 24

a9 147 MAC 98 st Als B89 ol wE X-A 31d 2] WstE o
ehdl et 168 w9t 9RPslSs A oF 20=28.0" F-<ol A HaBOs A7k A
A= Zlo] #F5HAE=, ol H:BOs7F Y.05 o ag¥ o=z Azbar. t,0] 15
B 308, 283 608Y A9 X-A AEE & Ao]lE HolA| Fgron} 1208 U

o] Aol HAA FEst T gashs] AFshe] 3008 BHAE V05 ¥ 2Le
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® : Y203
V : HaBOs

Intensity (arb.units)

300min ’,

1
B0 70 60 a0

20 (degree)

Fig. 14. X-ray diffaction patterns of Y»03-Hs;BOs:Eu®" powders

by planetary ball mill as a function of different ty.
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¥ 4% Williamson—-Hall[22-24 193 3} Scherrer[25 ]38 AF&351o] 3 A&
2ol Beosh /N, 2sinf/ Ak Dy = kA/BeosdS tpoll Wk A3k o]t

Table 4. 2sinf/X and Dy, =kA/Bcosd for Williamson-Hall method and

Scherrer method ; (a) 15 min, (b) 30 min, (¢) 120 min, and (d) 300 min

milling.
Table 4. (a)
Williamson—Hall Scherrer
20 2sinf/ A Bcosh /A Dy = kX /Bcosd

20.49 0.23089403 0.001974358 45.58443354
29.1613 0.326811019 0.001941731 46.35039496
33.7988 0.377375274 0.002239476 40.18796395
35.9347 0.40046084 0.001590598 56.58248517
37.9349 0.421953717 0.007590708 11.85660194
39.8428 0.442335096 0.001886289 47.71273094
41.7025 0.462083609 0.003749893 24.00068352
43.4731 0.480772936 0.002174128 41.39590532
46.9306 0.51693314 0.001840425 48.90175187
48.5269 0.533471212 0.002439512 36.89262629
50.1232 0.549905763 0.001817455 49.51979028
53.2539 0.581824767 0.00239209 37.62400799
56.2106 0.611571437 0.002949942 30.5090782
57.6055 0.625465057 0.001758129 51.19078766
59.0365 0.639621918 0.001164276 77.30127476
60.4428 0.653437256 0.002312197 38.92402469
61.7998 0.666675003 0.002296085 39.1971552
63.2375 0.680597955 0.003417031 26.33865319
64.534 0.693061697 0.002827829 31.8265376
65.9059 0.706153647 0.003367122 26.7290599
69.8014 0.742770211 0.002742802 32.8131634
71.0586 0.75440634 0.003265604 27.55998307
72.3288 0.766070569 0.002160314 41.66060759
73.6017 0.777665166 0.004284375 21.00656616
74.9221 0.789591019 0.003185144 28.2561795
76.205 0.801077776 0.003157621 28.50246781
77.3249 0.811023044 0.002611355 34.46486854
78.5798 0.822075103 0.001294159 69.54321042
81.0261 0.843335357 0.001525341 59.00318583
83.6033 0.865317328 0.003988668 22.56392286
84.6699 0.874287366 0.001483133 60.68236749
87.121 0.89461266 0.001453894 61.90274473
89.5944 0.914707949 0.003796839 23.70392795
90.7388 0.92386206 0.000859564 104.7042744
91.9598 0.933527278 0.001394232 64.55167081
93.2726 0.943800899 0.003673892 24.49718502
95.6753 0.962282013 0.002693455 33.4143301
98.0224 0.979927055 0.001605042 56.07329108
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Table 4. (b)

Williamson—Hall Scherrer
20 2sinf/ A Bcosb /A Dy = kX /B cost

20.5042 0.231052333 0.00230318 39.07639911
29.1598 0.326794573 0.001941738 46.35023714
33.7745 0.377111862 0.002239621 40.18537589
35.8812 0.399884258 0.001590839 56.57392588

39.91 0.443050766 0.002200025 40.90862715
43.4941 0.480993918 0.001863552 48.29485654
46.8817 0.516424923 0.001840766 48.89269936
48.4902 0.533092141 0.002134106 42.17222165
50.1241 0.549914999 0.001817449 49.51997215
53.229 0.581572582 0.00239235 37.61991055
56.1779 0.61124464 0.000885517 101.6355291
57.5888 0.625299264 0.002051149 43.87784231
59.0716 0.639967917 0.002909692 30.93111289
60.4662 0.653666309 0.001733452 51.91952894
61.8475 0.667138633 0.002295513 39.20692606
63.1767 0.680011311 0.003418147 26.33005607
64.5098 0.692829861 0.002262948 39.77113279
65.9288 0.706371326 0.003366686 26.73252349
69.8217 0.742958813 0.003290584 27.35077142
71.0905 0.754700418 0.002177251 41.33652506
72.2999 0.765806222 0.002700433 33.32798845
73.6135 0.777772203 0.004284045 21.00818468
74.9192 0.789564941 0.003185206 28.25563159
76.1644 0.800715785 0.003158498 28.49455287
77.3183 0.810964658 0.002611475 34.46328049
78.5336 0.821669953 0.001035844 86.88563761
80.9951 0.843068327 0.00254311 35.38973468
83.565 0.864993829 0.002992184 30.07836659
84.7398 0.874872584 0.002964616 30.35806031
87.1871 0.895155156 0.003875196 23.22463471
89.6405 0.915078475 0.003795322 23.71340244
90.7156 0.923677394 0.001409814 63.83818872
92.0323 0.934097852 0.003715779 24.22103051
93.2142 0.943346499 0.003675873 24.48397641
95.643 0.962036355 0.002694293 33.40393375
98.0007 0.97976579 0.001316273 68.37488505
99.2174 0.988753358 0.001585693 56.75752173




Table 4. (c)

Williamson—Hall Scherrer
% 2sinf/ A Beosd /A Dy = kX/Bcosd
20.4951 0.230950886 0.001645471 54.69558352
29.1756 0.326967802 0.001941668 46.35189993
33.7987 0.37737419 0.001919707 46.88216347
35.9312 0.400423122 0.002545413 35.3577142
39.8856 0.442790927 0.001886034 47.71919368
43.5056 0.481114926 0.002485339 36.21236895
46.9598 0.517236569 0.001840221 48.90716331
48.5106 0.533302857 0.002744369 32.79442883
50.1464 0.550143838 0.003634566 24.76223996
53.249 0.581775143 0.002392141 37.62320146
56.2523 0.611988106 0.002949368 30.51501076
57.6145 0.625554401 0.00146521 61.42466143
59.0548 0.639802318 0.002909933 30.92854406
60.5023 0.654019623 0.002888882 31.15392109
61.8911 0.667562312 0.003441512 26.15129264
64.5182 0.692910336 0.002262843 39.7729728
65.8917 0.706018652 0.004490173 20.04377015
69.829 0.74302663 0.003290437 27.35198752
71.0519 0.754344567 0.002721758 33.06686477
72.3603 0.766358643 0.003238906 27.78716388
73.6774 0.778351694 0.004282256 21.01695759
74.8416 0.788866928 0.003186858 28.24098477
77.4084 0.811761474 0.003131444 28.74073056
78.5711 0.821998819 0.002071134 43.45444667
81.1564 0.84445707 0.003047717 29.53030387
84.7502 0.874959627 0.002964371 30.36057384
87.1905 0.895183052 0.003875086 23.2252908
89.5897 0.914670165 0.004746443 18.96156717
90.8785 0.924973235 0.003285359 27.39427061
95.7274 0.9626781 0.004487344 20.05640622
98.1039 0.980532413 0.004276608 21.04471436
Table 4. (d)
Williamson—Hall Scherrer
20 2sinf/ A Bcosb /A Dy = kA /Bcost
29.1568 0.326761681 0.001618308 55.61362536
48.5578 0.533790333 0.002439215 36.89711233
57.6773 0.626177716 0.004287125 20.99308925
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Table 5. The size of particle for t, from Scherrer method.

milling time(min) Y=+ =71 (nm)
15 42.2
30 41.2
120 33.3
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Fig. 15. (a) Williamson-Hall plot showing fcosf /A vs. 2sinf/\ for the
powder of 30 min milling.

(b) Internal strain with the tn obtained from William-Hall method.

(¢) Crystallite size obtained by applying the Scheller formula to different
peaks of XRD patterns for the powder with 30 min of tp.

(d) Evolution of crystallite size with the tm obtained from Scherrer method.
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Fig. 16. X-ray diffaction pattern for Y,05-HsBOs:Eu® (8 mol%)

mixture annealed at 800C for 1h.
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Fig. 18. TG/DTA patterns for Y505-H3BOs:Eu®* mixture after milling
for 300 min.
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Fig. 19. PL emission spectra for Y203-H3;BOs:Eu®" mixtures (tn=300 min)

as a function of different temperatures and Eu’' concentrations.
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milling for 300 min to the indicated annealing temperatures.
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Fig. 21. PL emission spectra for Y:03-Hs;BOs:Eu® (8 mol%) mixtures of

the 300 min milling to the indicated annealing times at 800T.
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Fig. 22. PL emission spectra for Y:03-H3;BOs:Eu® (4 mol%) mixtures of

milling forf 300 min to the indicated annealing temperatures.
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Fig. 23. PL emission spectra for Ys03-H;BOs:Eu® (4 mol%) mixtures of

300 min milling to the indicated annealing times at 9007C.
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