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Synthesis of Nanocrystals Y,O3;:Eu* and Thermal Analysis Kinetics of the Precursor
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Abstract: The nanocrystal phosphor Y,0;:Eu’* was synthesized using Y (NOs);, Eu,05; and urea as raw materials,
ultrasonic and homogeneous precipitation method. The synthesis and growth kinetics of the Y,0;:Eu®* was
investigated using TG-DTA at different heating rates in argon gas. The results show that the precursor of Y,0;:Eu**
decomposes in three well-defined steps. The apparent activation energy of each stage was calculated using the Doyle-
Ozawa and Kissinger methods, the coefficients of reaction order, frequency factor and kinetic equations were also
determined. The activation energy for the nanocrystallite growth is calculated to be 17.80 kJ -mol ™ according to
kinetics theory of nanocrystallite growth. It can be inferred that the crystallite grows primarily by means of an

interfacial reaction during the thermal treatment.
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1 SEWHES

1.1 #K& YO Eu il &

FREL 11.5842 g FALH (Ew,0.)1 T 1:1(V/V) R il
R, 2 1000 mL & &R, &%, BL il 0.065 8
mol - L YRS PREG W, B 20 mL.1.25 mol - L™ HYfi§
2 % F1 20 mL.0.065 8 mol - L~ i R #f ¥ WL & T
500 mL =T (nn, ~=0.94:0.06), 5 20 mL,
7.5 mol- L™ MR B WIR 535, WA pH R
10, AT, FHEE 80 ClIVE 5 h JFF 1k,
BT AR BE BEVES T 60 CCHEAS TR 1S 2 Hr
IR A4 HTIRRZE T3k 750 CHEERE 4 h S5 B,
1.2 HmRIE

XRD FAEFE H ARBL% D/max-RB X 24 51X
LEfT, JEM R 4 DS=SS=1°,RS=0.15 mm, N #kit
BARHT A S MR Esy, .40 kv, B 100
mA , Cu Ka(A=0.154 18 nm), 3 # % 8°-min~', #§
B K Y05 B AT 5 (222) dm T8 U 11 22 e 53 | A

i Sherrer 22 2L G 1 ok ST . L=KA/(Beosh)
Hrpr (L A& R R ST K N Sherrer 58,8 S A17 5 16
1 PR FEAAE 0 R AT A

FEHAFREL 10 mg 49K & Y0, Ea® HY R SRR & T
4T SDT 2960 Simultaneous DSC-TGA
(H TA Instruments, 22 #— I 73 B0, 76 &
AP EA 100 mL-min™ B3I H T, 25K H
18.20.22 .24 K-min™ [y FH il BOR S 17 5256 | IR
J& 5 LA 500~1 100 K,
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Fig.1 XRD pattern of the precursor
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Fig.2 DTA and TG curves of precursor at different heating rates
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Table 1 Temperatures of the three endothermic peaks at various conversions and

different heating rates

B/ (K-min™)
18 20 22 24
ol %
T/K T/K T/K T/K
I I I I I I I I I I 1
5 49481  750.30 796.25 497.51 754.80 800.02 499.68 759.41 803.29 502.29 763.65 806.00
15 502.69 75293 799.72 50548 758.25 803.54 507.72  763.68 806.82 51041 768.04 809.56
25 510.56  757.16 803.19 513.46 76255 807.05 51576 767.96 810.36 518.52 77245 813.13
35 51842 761.39 806.66 52144 766.86 810.56 523.80 772.23 813.90 526.64 776.87 816.70
45 526.28  765.62 810.14 52942 771.16 814.08 531.84 77650 817.44 53475 781.29  820.27
55 534.15 769.84 813.61 537.40 77546 817.59 539.88 780.77 820.98 542.87 78570 823.83
65 542.01 774.07 817.08 545.37 779.76  821.10 54792 785.04 824.52 550.99 790.12  827.40
75 549.86  778.29 820.55 553.35 784.07 824.62 55596 789.31 828.05 559.12 79454 830.97
85 55772 782.52 824.02 561.32 78837 828.13 564.00 793.58 831.59 567.24 798.96 834.54
95 565.57 786.74 827.50 569.30 792.48 831.65 572.04 797.86 835.13 57536  803.38 838.11

& 3 2511 T H Doyle-Ozawa 1 2K W #4406 7% 1 G
9 168~1/T

2 RME 3 HARPRRGM 3 A ARIETE
AN [] BN B 1 1% AL RE S ARG R 8k, ik 2 W13
AW BRI fz R Ik R R 2R UG Ak RE ST B E 4 i R
76.52 .87.66.148.71 kJ-mol™,

MG Kissinger %1, UL 1g(B/T, )% 1T, FEE,

il R -E/R SR NG AL RE

WRAER 3 R, 2 3 AR 19(B/T, 2
~1/T, B LA 4,

H AT 4 2% BB ROR TR 3 I P A 35 1L RE
LMK RBIN TR 3 T I, 3 a3 4k
W Jz 7 3t AR 1 e WL T A RE P S E 20 i o 67.17
93.58 .154.72 kJ -mol™,
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2 AT ARG RE N R 4 Fos, B 4 X
Fb T DA Y, A SR o3 fif aok A% A 2R 08 7 1k e R H 2
FRASTRI D7 35 H AR B W 25 A AT, AH2E RN
9.35 kJ-mol ™", & W 158 J& HE A (09 B 35 7 3
B, A5 B0 H7 9K A o i s B 3 AW ARG 1) 2 UL T b g
35120 71.85.90.62 .151.72 kJ-mol™',
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Table 2 Activation energies E and linear correlation coefficient(y) of the endothermic peaks at different

conversions(«) of each peak

ol % E, / (kJ-mol™) T E, [ (kJ-mol™) T E5 [ (kJ-mol™) I3
5 76.45 0.9884 97.25 0.9979 149.10 0.9979
15 76.46 0.9930 86.26 0.9993 149.04 0.9990
25 76.48 0.996 1 86.37 0.9989 148.94 0.9997
35 76.50 0.998 3 86.48 0.9993 148.85 0.9999
45 76.51 0.9994 86.57 0.9992 148.76 0.9997
55 76.54 0.9999 86.66 0.9997 148.67 0.999 1
65 76.55 0.9997 86.74 0.998 6 148.58 0.998 3
75 76.56 0.999 1 86.81 0.9995 148.50 0.9973
85 76.58 0.9982 86.87 0.9984 148.38 0.996 1
95 76.59 0.9970 86.65 0.999 3 148.30 0.9947
Average 76.52 87.66 148.71

1.40 95%-—2%—15% Peak 1 1.40 T 3% Peak2 1.40 °o Peak 3
— ' \*\\'\ RRE i : X — —
o SRR Z 135 T35
E | \ E &l
S L _E
3 \\\\\*\\\\x\ 3 2
S L Vil S0 130
510 \\\*\\\ RN £

SRR
15 Vbbb 1.25 1.25
7 18 19 20 124 126 128 130 13 120 122 124 126
10°/ T/ K- 10/ T/ K 10/ T/ K

&l 3 Doyle-Ozawa 3K W #R i 19 1% AL RE 1Y 1g8~1/T 1A
Fig.3 lgB~1/T plots for E of the endothermic peak using Doyle-Ozawa method
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Table 3 Peak maximum temperature(Tm), peak shape index(/), reaction order(n), frequency factor

(A) and activation energy(E) at different heating rates

Peak number

B/
No.1 No.2 No.3

(K+min™)
To ! K 1 n 104 To ! K 1 n 104 To ! K 1 n 104
18 53431  0.635 1.00 1.88 773.20  0.854 1.16 7.12 809.01  1.888 1.73 5.00
20 537.67 0.641 1.01 1.87 779.24  0.669 1.03 6.95 811.96 1.804 1.69 5.08
22 540.31  0.659 1.02 1.90 783.60  0.625 0.996 6.98 814.94  1.004 1.26 5.10
24 543.55  0.642 1.01 1.87 786.63  0.745 1.09 7.15 818.44  1.051 1.29 5.00
Average 0.644 1.01 1.88 0.723 1.07 7.05 1.437 1.49 5.05

E=67.17 kJ-mol™ E=93.58 kJ-mol™! E=154.72 kJ -mol™
r=0.998 5 r=0.9916 r=0.996 0
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Table 4 Apparent activation energy calculated using Doyle-Ozawa method and Kissinger method
Method E, / (kJ-mol™) E, / (kJ-mol™) E5 / (k] -mol™)
Doyle-Ozawa 76.52 87.66 148.71
Kissinger 67.17 93.58 154.72
Average 71.85 90.62 151.72
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A, I FE A A K S Y05 B i FE o — Ty T
SR T A Bk AN /N ROk R AT BB BE PR A A i 9K
TR B 3 R B 5 D3 — D T A T PRIE i 3R A 43 i 58 4
T B R A MR LR F 40K & Y,05Eu B &
AR IR RAFPERE MR8 XRD MIRFFESE R | ik
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T LA 610 nm VEME I K, A A L5 A
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fn I kO TE E2E H 200~300 nm 3 K N Y
Eu*-0* i i A,=251 nm MWK, ZEiR T L
244 nm EIMGEUR DK Y,05E Eo’ ik BO6E
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(1) 3R FHRE 7 9 0 FH R (100 50 03 02 0 46 1 40
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T, FIH Doyle-Ozawa % 1 Kissinger ¥ 11515 2| Y
3 /S W B g 2 UL T b RE S X E 0 S o 71.85
90.62 .151.72 kJ *mol™,

(2) 7£ 1023 K T BB i sk Ak | ml LA 3 i
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mol™,
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