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Effect of BaHfO;:Ce Powders Activation Energy on Sintering Transparency
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Absract: BaHfO;:Ce powders were prepared by normal strike co-precipitation(NSC) method and reverse strike co-
precipitation(RSC) method respectively. The phase composition, particle morphology and luminescence properties
of BaHfO;:Ce powders were characterized by XRD, TG-DTA and SEM. The effect of different precipitation
methods on synthesis kinetics of particle was investigated at different heating rates. The results show that the
precursors prepared by NSC and RSC decompose in three stages. The apparent activation energy of each stage is
calculated using the Doyle-Ozawa and Kissinger methods. The average apparent activation energies of the three
reaction stages of precursors prepared by NSC and RSC are 83.41, 61.70, 262.11 kJ -mol™" and 81.70, 42.86,
253.44 kJ -mol™ respectively. The activation energies of grain growth for BaHfO;:Ce powders prepared by NSC
and RSC are 27.36 kJ -mol ™ and 23.07 kJ -mol ™' severally. The powder prepared by RSC method exhibits
excellent luminescence properties with higher intensity of excitation spectrum excited by 530nm and emission
spectrum excited by 399 nm. The BaHfO;:Ce ceramic is partly transparent after being sintered at 2 073 K in

vacuum for 3 h.
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SEM images of precursor precipitates calcined at 1 373 K for 2 h prepared by NSC (a) method and RSC (b) method
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Fig.2 TG (a) and DTA (b) curves of precipitates prepared by NSC and RSC
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Table 1 Each reaction stage’s temperatures of precursors prepared by NSC at various
conversions and different heating rates
B/ (K-min™)
5 10 15 20
ol %
T/K T/K T/K T/K
| II | I I | I I | | I il
10 308.74  401.19 1 150.30 314.02 41538 1172.63 318.418 4232 1183.85 321.15 432.6 119491
20 311.04 41335 1163.30 317.53 42859 118841 321.464 436.19 120271 323.94 44572 1 216.12
30 31444 42620 1176.13 321.17  440.71 1 203.05 324395 450.59 122097 326.8 460.31 123490
40 318.03  436.75 1 187.87 324.81 45439 1 216.12 327.618 46439 1 237.68 330.446 475.39 1 250.06
50 321.82  451.72 1 199.39 328.69  469.55 1228.73 331.77 480.2 1251.33 334.88 49191 1 264.68
60 32631  467.03 1 209.95 333.62  486.58 1241.14 338.19  501.58 1 264.67 341.34  511.86 1278.59
70 333.18  485.55 1 220.50 341.22  506.64 125295 346.499 520.80 1 276.99 350.772  536.86 1 290.62
80 342.62  506.83 1229.84 351.76 53242 126543 356.218 54735 1 289.65 360.724  564.64 1 303.59
90 353.28 533.85 1243.57 362.76  559.72 1 278.01 368.098 57991 1 305.03 371.564 596.16 1 319.69
100 369.07 564.61 1274.95 377.88 59291 130597 383.26 612.66 1 332.50 387.63  629.53 1 349.78
x2 RSCHEBEHEMBEEEREMENEARABEERARREELETHERE
Table 2 Each reaction stage’s temperatures of precursors prepared by RSC at various
conversions and different heating rates
B/ (K-min™)
5 10 15 20
al %
T/K T/K T/K T/K
I I m I Il | I I m I I m
10 313.81 370.51 1 143.87 320.98  387.56 1 165.10 325.06  399.81 1 178.78 328.87 408.28 1 187.83
20 320.27 37797 1 156.84 327.28  395.65 1180.38 331.88  407.48 1 197.79 33468 416.01 121033
30 32645 385.60 117235 33291  403.78 1 196.92 337.44  416.02 1 216.19 33998 42447 1229.95
40 331.87 393.30 118542 33847 41205 1212.82 343.2 42484 1 233.25 34538  433.83 1248.26
50 337.23  401.08 1 199.03 344.12  421.68 1 227.59 349.27 43443 1 248.87 351.85 443.82 1 266.28
60 34241 40995 1 210.72 34948 43132 124225 35422 44541 1263.07 357.85 45520 1 281.47
70 347.66  419.53 122228 355.09 441.84 1254.89 360.72  457.86 1276.10 365.39  468.71 1293.70
80 352.81  430.33 123093 361.44  453.65 1266.17 366.49 47142 1287.14 371.72  483.19 1 305.58
90 357.86 44232 124151 367.55 466.63 1275.78 37246 48698 1299.10 378.12  500.08 1 320.26
100 363.2 455.64 1 253.26 373.65 481.33 1297.64 378.65 504.87 1324.17 384.11  519.99 1 348.16
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Table 3 Activation energies E and linear correlation coefficient(r) of each stage at different

conversion (a) of precursor precipitates prepared by NSC and RSC

NSC RSC
al% B/ E./ E/ E/ E.l B/
Kemol) 1 demel) C Jemol) kemol) ' demol) C emoly
10 8659 09923 6175 09903 34199  0.997 3 7853 09998 4372 09988 33737 0.999 7
20 8498 0992 6370 09912 29697 09976 8417 09923 4523 09998 28641 0.9958
30 9078 09949 6372 09909 27169 0998 2 8874 09982 4598 09998 27335 0993 3
40 9348 09925 5988 09940 25838  0.996 8 9090 09954 4601 09996 25778  0.995 3
50 9139 09954 6160 09922 25170 0996 6 8729 09962 4560 09999 24817 0.992 4
60 8101 0999 5816 09969 24430 09972 8720 0998 1 4504 09999 24233 09956
70 7306 09979 5651 09851 24299 09976 80.76 09943 4360 09991 24411 09978
80 7578 09968 5523 09918 23548 09986 7817 09960 4282 0998 1 23798 0.998 6
9 7811 09979 5604 09938 23250  0.99 | 7455 09936 4155 09953  230.10 0.993 6
100 8493 09993 6034 09968 24951  0.990 9 7428 09955 3983 09912 19699  0.998 3
Average  84.02 59.69 262.55 82.46 43.94 255.46

A B 45 BN B B R TG fk e, BOHSE41E (WaR Urb 1), R B g (B R B | i =C(S) TN In(B/T, D) 5
3), %3Tﬂ_%m%Mﬁﬂ:w}thmm UT, Bt Z | HARPR-E/R 73K 45 W B Be 1)
59.69 .262.55 kJ -mol "' Fll 82.46 43.94 255.46 k] - WHALRE, % 4 9 TR FHE R 5T NSC &l

mol ™!, Bl & I B KT IE4# RSC %A B BaHfO:Ce 7 45 7 %2 W HR e 11t e 01 7
Kissinger % 194500 . BE G R 4 B2 6 In(B/ITH-1T, B(WLEL S
d[In(BIT )T, )=—EIR (5)  (a),(b), HETRE L RPREATIE AR M AH I R AL

T4 FMHAEZHENIREERADAREETHIEERE ms?ﬁﬂ.’.ﬁﬁ ERHEXRHr
Table 4 Peak maximum temperature (7,,), activation energy (E) and linear correlation coefficient (r)

of precursor precipitates prepared by NSC and RSC at different heating rates

B/ NSC RSC
(K- min™) T /K T /K T /K T /K T./K T/ K
5 317.08 414.34 1229.49 339.87 380.77 12373
10 323.99 429.25 1 261.63 347.95 400.38 1 269.7
15 327.83 438.34 1 280.55 352.27 409.93 1290.23
20 330.83 444.02 1 294.38 356.09 419.07 1 305.76
E=82.79 kJ-mol™  E,=63.70 kJ-mol™"  E:=261.67 kJ-mol™ E=80.93 kJ-mol™  E,=41.77 kJ-mol™  E:=251.41 kJ-mol™

r=0.999 5 r,=0.998 4 r=0.999 5 r=0.998 7 r=0.995 4 r=0.999 5
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Table 1 Each reaction stage’s activation energy of samples obtained by different co-precipitation
methods using Doyle-Ozawa method and Kissinger method respectively
Method NSC RSC
E / (kJ-mol™) E, / (kJ-mol™) E; / (kJ-mol™) E, / (kJ-mol™) E, / (kJ-mol™) E; / (kJ-mol™)
Doyle-Ozawa 84.02 59.69 262.55 82.46 43.94 255.46
Kissinger 82.79 63.70 261.67 80.93 41.77 251.41
Average 83.41 61.70 262.11 81.70 42.86 253.44
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Bk 82.79 .63.70 .261.67 kJ -mol ™" 1 80.93 41.77 .
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Fig.7 XRD patterns of the precursor precipitates prepared by NSC method (a) and
RSC method (b) calcinated at different temperatures for 2 h
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