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Effects of hydrothermal temperature on crystalline and
thermolysis kinetics of aluminum sulfate deposited product

WANG Jun, WANG lJing, LIU Chao

(Liaoning Key Laboratory for Fabrication and Application of Superfine Inorganic Powders,

Faculty of Materials Science and Engineering, Dalian Jiaotong University, Dalian 116028, China)

Abstract: Alumina precursors with different morphologies were synthesized using Al,(SO,);-18H,0 as reactant, urea as
precipitator and mixture solution of ethanol and water (volume ratio of 2:1) as solvent by a hydrothermal treatment
method. The microstructures, thermolysis processes of as-synthesized powders were characterized by X-ray
diffraction(XRD), scanning electron microscopy(SEM), differential scanning calorimeter and thermo gravimetric
analysis(TG-DSC). The results show that, under the same conditions, hydrothermal temperature affects the morphology
of the alumina precursor and the phase transition temperature of a-Al,O3. With increasing the hydrothermal temperature,
their phases change from amorphous to boehmite with high crystallinity, at the meantime, the phase transition
temperature of a-Al,O; of their calcined products increase gradually. The average apparent activation energies of
thermolysis of precursors obtained on three hydrothermal temperature 100, 140 and 160 C are calculated to be 150.68.
155.46 and 171.09 kJ/mol, using the Doyle-Ozawa and Kissinger methods, respectively. The reaction order and frequency
factor are determined by Kissinger method. The kinetics equations of thermolysis of precursors obtained at different
hydrothermal temperatures are deduced.
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Fig. 1 XRD patterns of products obtained by hydrothermal
treatment at different temperatures and their calcined products:

(a) Without calcining; (b) 600 C; (c) 1200 C
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Fig. 2 SEM images of products obtained by

hydrothermal treatment at different temperatures
and their calcined products: (a) H100-0; (b)
H100-6; (c) H100-12; (d) H140-0; (e) H140-6; (f)
H140-12; (g) H160-0; (h) H160-6; (i) H160-12
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Table 1 Temperature of second endothermic peaks under different heating rates and reaction degrees

T/K
A/(K-min ") 6/°C
5% 15% 25% 35% 45% 55% 65% 75% 85% 95%
100 598.7 616.4 630.9 643.3 656.6 668.5 679.8 691.0 705.7 723.0
5 140 596.0  618.1 637.1 652.6  666.3 678.1 689.3 700.3 712.1 727.9
160 672.5 686.8 6984  707.5 7154  722.1 7282 7343 741.1 751.5
100 626.3 6417 6548 6672 6783 689.9  700.8  711.8 726.8 7443
10 140 624.2 642.6 658.3 672.6 685.5 697.4 708.2 719.6 732.3 747.7
160 695.3 7089 7194  728.1 735.1 741.5 747.3 753.6  761.0  771.0
100 634.7  650.1 663.8 6759  688.3 699.2  710.6 7239  736.8 7546
15 140 6262 6467 6652 6794  693.5 705.0  717.1 7288 7429  760.5
160 702.4  715.0  725.1 733.1 740.3 746.8 752.6  759.0 767.2  778.0
100 639.5 655.7 670.4 683.3 695.7 706.8 717.9 730.2 745.0 765.5
20 140 630.7 6515 669.0 6839 6972  709.2  721.0 7329 7453 764.2
160 7089 7213 731.0 7394 7462 7525 7589 7652  772.8 7842
100 6432  658.0 671.7  684.8 697.3 708.5 720.5 7333 746.8 7653
25 140 642.7 661.9 678.3 692.5 705.8 717.9 729.7 741.6 755.2 774.4
160 719.6 7313 741.0 7495 7567 7622  768.8 7754 7828 7948
@ —35 K/min ¥ (b) — 5 K/min 4
100 — 10 K/min 100 — 10 K/min
15 K/min 13 _ 15 K/min 13 .
£ g0l 20 Kimin P P
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Table 2  Activation energies and correlation coefficient of three endothermic peak at different temperatures

100 C 140 °C 160 °C
/%
E/(kJ-mol ™" I E/(kJ-mol ™) I E/(kJ-mol ") s
5 105.542 0.9498 107.037 0.9255 136.113 0.9829
15 117.993 0.9563 123.079 0.9555 149.506 0.9801
25 124.852 0.9639 138.145 0.9760 161.392 0.9784
35 128.537 0.9690 149.162 0.9824 168.017 0.9759
45 136.456 0.9795 156.315 0.9850 174.967 0.9755
55 144.249 0.9806 161.006 0.9856 182.719 0.9782
65 148.167 0.9859 163.143 0.9889 183.647 0.9792
75 146.836 0.9868 164.520 0.9897 184.667 0.9785
85 156.384 0.9851 162.894 0.9827 185.012 0.9813
95 155.627 0.9806 157.305 0.9910 183.447 0.9846
Average 136.460 148.260 170.950
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Table 3 Peak maximum temperature (7;,), peak shape index (/), reaction order (n), frequency factor (4) and activation energy (E) at

different heating rates

100 C 140 C 160 C
B/(K-min")
T/K I n 4/10" T/K I n 4/10" T,/K I n 4/10"
5 6943 0.616 0.989 5.18 702.6 0.896 1.193 2.88 7285 2292 1.908 7.04
10 718.6 0.367 0.763 4.00 722.5  0.900 1.195 2.88 748.0 2.068 1.812 6.69
15 714.6 0.593 0.970 5.08 728.6 0976 1.245 3.00 7537 1999 1.781 6.58
20 724.1 0.685 1.043 5.46 7344 1.020 1.273 3.07 759.7 1940 1.755 6.48
25 732.5 0.564 0.946 4.96 7445 0918 1.207 291 771.6  1.799  1.690 6.24
Average 0.565 0.942 4.94 0942 1223 295 0.942 7285 2.020 1.789 6.61
(a) (b)
-4.4}F y=—8.58178x+7.36833 -4.4F 1=-8.4959x+7.0908
12=0.8397 *=0.9783
N -46f = 460
= =
= =
-4.81 -4.8+
-5.0F -5.0}
1.36 1.38 1.40 1.42 1.44 1.33 1.35 1.37 1.39 1.41 1.43
T-Y1073K™! T-1073K!
-4.3r (©)
y=—-8.59426x+7.2535
12=0.9692
-4.5r S
B 5 % W AR TR E R T W
e lg(B/Tw)~1/T,
S 47 Fig. 5  Relationship for Ilg(f/Tu)~1/Tn of
= ig. elationship for 1g(f/Ty") m O
endothermic peaks at different heating rates: (a)
491 100 °C; (b) 140 °C; (c) 160 ‘C
_51 1 1 1 L L
1.29 1.31 1.33 1.35 1.37
T71/1073K™!
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da/d=2.948 X 10116_19566”(1—&)1’223 application ~ of  nanoscale  boehmite = with  different

3) 160 ‘C/K# A
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F 4 M Doyle-Ozawa i%:H1 Kissinger 7575 IR MG AE

Table 4 Apparent activation energy calculated by
Doyle-Ozawa and Kissinger methods
E/(kJmol ™)
Method
100 'C 140 'C 160 'C
Doyle-Ozawa 136.46 148.26 170.95
Kissinger 164.90 162.67 171.23
Average 150.68 155.46 171.09
3 #hig

1) RAKGE, PURRE(AL(SOL)s 18H,0) M J5t
BE IR AUTRER], 75— MR LU (AL 2:1),
ZAN ) K A LA 53 il 2% th TR . A% e 4 R Al
s SRR R SR B AT IR o B 7K A FREL R I
AR TR AR H G 2 B 5 ) ) /K R A S5 A AR, A
M) 600 CHEBEF=MI T p-ALO; I8 45 & i = 1) y-ALO;
AR, 1200 CHREEF=4 W B K HAb B S e s
a-ALOs 1] a-AlLO; Al 6-AL 05 JRMSEFIF 7] 6-Al04
AHELAR , RUIBE/K AU B B (3 s, P4l dn
w1 MIMTFEL a-ALOs [TE il 4 =

2) FIH Doyle-Ozawa %M1 Kissinger 75115152
3 ARG LA R ARAT =) (R FA G i R 1 2 M s A
e A 150.68 155.46. 171.09 kJ/mol. H Kissinger
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T PR IO R IR E T RS Wk do/di=4.941 X
10116719833”—(1—0{)0‘942, da/dtzz.948><10116719566/T(1_a)1,223
Al do/d=6.606 X 10" e 2" (1-¢) 7,
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