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Table 1 Grain sizes of Gd,Ti,O7:Ce particles prepared by the
precursors annealed at different temperatures for

2 h (nm)

Temperature/K A (0.08 mol/L) B (0.04 mol/L)
1073 33.11 34.91
1173 35.38 37.62
1273 41.61 44.01
1373 4551 49.67
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Table 2 Activation energies (E) and linear correlation coefficient (r) of each stage at different conversions (a)
of precursor precipitates
A (0.08 mol/L) B (0.04 mol/L)

al%

EvkImolt 1 Eidkimol* r,  Eidklmol? g Ei/kImolt 1, Eykimol* r, Esdklmol? s
10 40.12 09775 155.64 0.9844  390.96  0.9928 54.15 0.9924 150.30 0.9566 492.38  0.9913
20 41.20 09645 13241 0.9716  388.99  0.9957 51.08 0.9808 150.22 0.9960 487.81  0.9910
30 40.21 09559 155.38 0.9576  387.05  0.9971 52.49 0.9808 151.82 0.9956 487.40 0.9964
40 4233  0.9704 133.88 0.9541  371.94  0.9970 55.96 0.9738  146.07 0.9636 470.04  0.9948
50 46.62  0.9600 144.87 0.9593  389.48  0.9943 65.47 0.9921 151.43 0.9725 41574  0.9907
60 49.41 09822 136.97 0.9503  385.33  0.9460 65.07 0.9870  163.17 0.9550 406.50  0.9760
70 52.55  0.9547 156.65 0.9504 381.69  0.9850 61.74 0.9735 149.55 0.9664 410.23 0.9834
80 55.22  0.9526 140.04 0.9568  355.53  0.9742 64.67 0.9976  150.49 0.9922 408.96 0.9759
90 59.12  0.9508 159.77 0.9970  404.30  0.9879 62.61 0.9866 16195 0.9996 407.83 0.9978
100 55.71  0.9613 164.96 0.9926  387.15  0.9979 58.31 0.9993 146.70 0.9914 463.42  0.9900

Average 48.25 148.06 384.24 59.16 152.17 445.03
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Table 3 Peak maximum temperature (Tn), activation energy (E) and linear correlation coefficient (r) of precursor
precipitates prepared by different initial solution concentrations at different heating rates
A (0.08 mol/L) B (0.04 mol/L)
SIK mint
Tm/K Tm2/ K Tms/K Tm/K Tm2/K TmaK
5 350.03 613.45 1103.78 375.90 714.49 1085.79
10 366.84 625.80 1121.18 390.90 728.44 1099.78
15 377.10 634.35 1132.37 404.10 738.23 1107.06
20 387.00 643.44 1140.13 410.73 748.56 1116.45

E1=36.61 kJ mol™ E,=143.09 kJ mol™? E3=379.72 ki mol™

r1=0.9958 r,=0.9798

r;=0.9996

E;=43.41 kJ mol™? E,=170.85 kJ mol™* E;=447.57 kJ mol™*

r1=0.9899 r,=0.9792 r;=0.9841
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Fig.9 In(B/Tw?)-1/Ty plots of each endothermic peaks of
precursors at different heating rates: (a) 0.08 mol/L

and (b) 0.04 mol/L
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different Ce contents

Xt Ce* 8 1 ) 5d—4f K ERIT . 7E 520~610 nm ¥
RICUE R BT, AR AF B AM 2 W1 B W IR FF B
BF LS FRA RE L (CFop M1 2Fsp) BRAE, {0 5d Bk # 5
TEANTEE, 52 2405 iRy s B 2L, ff 5d i
ANERDBEREL R ANBEN, S5 5doFq, M
5d—?Fs;, BRI E B, R T SRS, fiE T
BIREN 0.7% (BE/R 8, TED B, ROtSER K.
KT 0.7%H} i A2 R B2 7 K 3 BUKR O 5 2 93 55



- 808 * WA SRR T

i 45 %

2.7 AEIEEIRESIEH A& 18R

B 11 AN ] BE BRI R 1) 46 4 1) RO 1 o il S
THBAREEIIN 0.7% 0 ] WL 5 A il PR I8 Ve 0 R S 0ée
e T A A7 B B A ], AR RO EEAFE 22 7,
5 k608 BE B K BN /NHE T 4393 24 0.08.0.04. 0.02.0.16
mol/L. 0.08 mol/L X M. (1) R Wi AL RER N, ¥k & )6
o P B K. T B R A% I 2R WL 1k e F 48 K T B 5
FEC R T P9 2 T BB B hr 18] B A3 i, 33T 3 BN 3
RS IG K, RGBS . H— i, KR
BN BERTE AL F (WL B 3c) R T A NG 6 1 & 5 3 45
i, A FERICHE . HRZE/N (WK 3d) I,
V) 7E 35 o R R T R 2 A /N e A, AR R LR TH AR K
HRMmAE S BA 5 A = R R, s
M A4 ' R

A, =561 nm a

Intensity/a.u.

380 400 420 440 460 480 500

b
A =445 nm
0.08 mol/L &
0.04 mol/L
0.02 mol/L
0.16 mol/L

Intensity/a.u.

500 550 600 650 700 750 800
Wavelength/nm

1L AR I FE 46 0 1 MR NG MR A e
Fig.11 Photoluminescence excitation PLE (a) and photolu-
minescence PL (b) spectra of the powders prepared by

different initial solution concentrations

3 &£ i

1) KA IR A BRIk 44 T A R H
Gd,Ti,07:Ce 4K AL 7. BEERIREE A 0.08 mol/L B il %
[ HT SRR AE 1173 KBRS 2 h SRS IR AR BF 5 kL 5 A

B, i RAF, KR4 35 nm.

2) FIH Doyle-Ozawa %Al Kissinger %43 5l i+ 5
0.08 11 0.04 mol/L &4 T i 3% A4 £E T I ik 72 o & S B
BB R TS A e, P 3548 4 5l 42.43. 145.58.
381.98 kJ mol™ f1151.28. 161.51. 446.30 ki mol™;
Fi A KA AL BE 2> iy 12.85 A1 19.54 kI mol™, #i& #
WIE A e K R AR KR AL RE 2 AN T S 3 . REIRESR
WPEH 0.08 mol/L 21 T KL+ & 8 S diokl AR K 75 22 R
=W/, FFHAREMRTEE.

3) LI THBRIKEN 0.7%K, KR 11K
58 B e K o B R O HEE 420~480 nm K BOAEAE KOG
AT, WOR AT 445 nm &b K G RESE 524~610 nm
WK BAFAE R AT, W EALT 561 nm JEKAL, TR
Ce* B 11 5d—4f KIGERIE . £ Eh¥Kk %4 0.08 mol/L
B, MR B A RO R .

&30
[1] Malkin B Z, Lummen T T A, Van Loosdrecht P H M et al.
Journal of Physics: Condensed Matter[J], 2010, 22: 276 003
[2] Chen Z J, Tian D B. Chinese Physics B[J], 2010, 19(12): 127 101
[3] Petrenko O A, Lees M R, Balakrishnan G et al. Physical

Review B[J], 2012, 85: 180 412
[4] Zhang J M, Lian J, Zhang F X et al. Journal of Physical
Chemistry C[J], 2010, 114: 11 810

References

[5] Kamaraju N, Kumar S, Saha S et al. Physical Review B[J],
2011, 83: 134 104
[6] Guo Yanyan(¥#i#1), Wu Xinghua(% 75 %), Wang Dianyuan
(FEB) et al. Journal of the Chinese Rare Earth Society ('
#1244 )[J], 2009, 27(6): 735
[7] Maczka M, Hanuza J, Hermanowicz K et al. Journal of Raman
Specroscopy[J], 2008, 39: 537
[8] Peng W, Hu B, Chen Y et al. Chemical Research in Chinese
Universities[J], 2011, 27(2): 161
[9] Lin K M, Lin C C, Li Y Y. Nanotechnology[J], 2006, 17: 1745
[10] Tong Y P, Zhao S B, Feng W F et al. Journal of Alloys and
Compounds[J], 2013, 550: 268
[11] Hsu Y W, Yang K H, Yeh S W et al. Journal of Alloys and
Compounds[J], 2013, 555(5): 82
[12] Chaiyo N, Muanghlua R, Niemcharoen S et al. Journal of
Thermal Analysis and Calorimetry[J], 2012, 107(3): 1023
[13] Cilgt G K, Cetisli H. Journal of Thermal Analysis and
Calorimetry[J], 2009, 98(3): 855
[14] Liu W J, Dang L P, Wei H Y et al. Journal of Thermal
Analysis and Calorimetry[J], 2013, 111(3): 1999
[15] Leenaers A, Van Den Berghe S, Detavernier C. Solid State



% 3 AT Gd,Ti07:Ce K 1 IR MIEAL BE SR OL M RE + 809 -

Sciences[J], 2012, 14(8): 1133 %)[J], 2006, 22(11): 1952
[16] Xue Yonggiang(E# 7k 5#), Zhao Hong(#X £1.), Du Jianping(Ft: [17] Van Loef E V, Wang Y M, Miller S R et al. Optical
#°F). Chinese Journal of Inorganic Chemistry (EHL1k 22 Materials[J], 2010, 33(1): 84

Apparent Activation Energy and Luminescence Properties of Gd,Ti,O,:Ce Particles

Liu Jianan®, Ma Weimin*, Ma Lei'?, Ji Lianyong®, Wu Ying*, Wang Hualei', Guan Renguo?
(1. Shenyang University of Chemical Technology, Shenyang 110142, China)
(2. Northeastern University, Shenyang 110004, China)

Abstract: Gd,Ti,O7:Ce nanoparticles were prepared under different initial solution concentrations by a co-precipitation method. The phase
composition, particle morphology and luminescence properties of the samples were characterized by XRD, SEM and TG-DTA, respectively. Their
thermal analysis kinetics and activation energy in the synthesis process were also calculated at different heating rates. Results show that there are
three stages in the process of the precursor’s phase transformations during heating. When the initial solution concentrations are 0.08 mol/L and
0.04 mol/L, the average apparent activation energies of the three reaction stages of precursors are 42.43, 145.58, 381.98 kJ mol™ and 51.28, 161.51,
446.30 kJ mol™, respectively, calculated by the Doyle-Ozawa and Kissinger methods. Meanwhile, the grain growth activation energies of the two
concentrations 0.08 mol/L and 0.04 mol/L are 12.58 kJ mol™ and 19.54 kJ mol™, respectively. It is concluded that nanoparticles with higher
surface activity have the best luminescence property when calcined at 1173 K for 2 h, especially the samples doped with 0.7 mol% Ce is optimal at
the concentration of 0.08 mol/L.

Key words: Gd,Ti,O7:Ce nanoparticles; thermal analysis Kinetics; activation energy; luminescence property
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