Journal of the Korean Chemical Society
2010, Vol. 54, No. 2

Printed in the Republic of Korea

DOI 10.5012/jkes.2010.54.02.192

A0 fx=E 7= MO|ZEEEHE(ZnCo204, NiC02,04)2
A BN B JAEN B4 o7

ANS  ABF - WD WS WY - AEF
SHR s Rsfele|st sjels), 7| 2sbstel e/ 2 Al T
ek ataL A A ek s FE Aot
(447 2009. 12. 29; 4 2010. 2. 2; AN 24 2010. 2. 4)

The Study on Thermal Analysis and Thermodynamic Characteristics
of Spinel Compounds(ZnCo,04, NiC0,04)

Jae-Uk Kim, Myoung-Jin Ji, Byung-Kwan Cha, Chul-Hyun Kim’, Won-Cheoul Jang, and Jong-Gyu Kim*
Department of Chemistry, School of Advanced Science and Basic Science Research Institude,
Institute of Tissue and Regeneration Engneering, Dankook University San 29, Anseo-Dong, Cheonan 330-714, Korea
*Department of Animal Resource & Science, Dankook University San 29, Anseo-Dong, Cheonan 330-714, Korea
(Received December 29, 2009; Revised February 2, 2010; Accepted February 4, 2010)

A e A 9] ALz /‘F‘lﬂb A o] F4:-315 & Foll A Yiz(nano) 2715 7HA = 29l 3155 A8l
c223 ] 3hghE o] =], A of o, A A I 3R] A S Bl Skl A %*471(TGA), X-Al 3
A171(XRD), 4 &4 F5 & 47](IR)§‘ AH8-3F3d o} Scherrer?] & o] 8-310] 332 4 4=k =717F 13~ 16 nm%‘
o &3 4= 9l sich 5'—%5% ol Abg- Ay = ‘(Sol-gel) He AHgslel on, 24 PR e i‘:ﬂlﬁ

J

fk

=5 E T O AR IR

$ATH350 °C). Kinetic 3781 &4 3} of| A %] &} A FHQ1A}-5 Al4F3}7] 9] 38| 4] Kissinger® ™ ¥} Arrhenius?] ]3-3}04
Al 4814t} ZnCo,042} NICmOH 43} o] 2] = 163.42 kI/mol 2} 147.01 kJ/mol 743 7HA] = 9l &2 E}fﬂs}gi oh
g]_,—l spinel E]_%L%_:_o o oﬂ ?;]—XJ E‘L/\(AGw AH‘” AS‘”)—E— 71 2] ‘5]_0:] 1;]_

FHO: 299, TGA, Kissinger, &4 3} o\ #], d 8-+ gt

T ="

Moo dr x2 O

ABSTRACT. The spinel compound was obtained by the thermal decomposition of Zn-Co and Zn-Ni gel prepared by sol-gel
method using oxalic acid as a chelating agent. The formation of spinel compound has been comfirmed by thermogravimetric
analysis (TGA), x-ray powder diffraction (XRD) and infrared spectroscopy (IR). The particle size of 13 nm~ 16 nm was cal-
culated by Scherrer's equation. The sol-gel method provides a practicable and effective route for the synthesis of the spinel
compound at low temperature (350 °C). The kinetic parameters such as activation energy (Ea) and pre-exponential factor (4) for
each compound were found by means of the Kissinger method and Arrhenius equation. The decomposition of spinel compound
has an activation energy about 155 kJ/mol. Finally, the thermodynamic parameters (AG?, AH?, AS?) for decomposition of spinel
compound was determined.
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Table 1. The characterization result of spinel oxide ZnCo0,0O4 and
NiCo,04 by XRD

Intensity Experimental  Literature inter

Phase  (hk1) (%)  peak position 26 planar distance 26
(1,1,1) 10 18.80 18.96
(2,2,0)0 35 31.16 31.22
(3,1,1) 100 36.72 36.81
ZnCo,04 (4,0,0) 18 44.60 44.74
(4,2,2) 12 55.46 55.57
(5,1,1) 35 59.18 59.28
(44,00 35 65.00 65.15
(1,1,1) 14 18.96 18.91
(2,2,00 25 31.20 31.15
. (3,1,1) 100 36.74 36.70
NiCo:0s o0y 25 43.16 44.62
(4,2,2) 8 55.58 55.44
(5,1,1) 30 59.10 59.10
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Fig. 1. The X-ray diffraction (XRD) pattern of (a) ZnCo204 (b)
NiC0,04 powder calcined at 350 °C for 2 h.

Fig. 2. SEM image of (a) NiC0,04 and (b) ZnCo0,04 powder
calcined at 350 °C for 2 h.
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Fig. 3. Infrared(IR) spectrum of (a) ZnCo,0,4 and (b) NiC0,04.
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Fig. 4. Thermogravitic analysis(TGA) curve of ZnCo,04 thermal
decomposition at the 5 °C/min.
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Fig. 5. Thermogravitic analysis(TGA) curve of NiC0,04 thermal
decomposition at the 5 °C/min.
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Fig. 6. TGA and DTG curve of ZnCo,0, thermal decomposition
at the 10 °C/min.
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Fig.7. TGA and DTG curve of NiCo0,04 thermal decomposition
at the 10 °C/min.
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Table 2. Thermal behaviour data for ZnCo,04 and NiCo,04
Phase Heat flow Decomposition DTG peak
(°C/min) temp. range (°C) point (°C)
1 261.46~267.74 265.89
2 271.17~277.25 274.68
ZnCo,04 5 283.05~290.28 288.72
10 287.37~291.87 294.48
20 300.50~311.24 308.92
1 251.04~256.87 255.14
2 259.30~280.75 264
NiCo0204 5 273.38~283.95 277.46
10 282.01~286.78 286.89
20 293.53~305.29 300.86

Table 3. Kinetic and thermodynamic parameter for thermal be-
haviour of ZnCo0,04 and NiC0,04

Phase E, log 4 AGY 2H! As?
(KJmol™) (S (kJmol™) (kJmol™") (Jmol™)
ZnCo0, 147.01  13.14 14345 14243  -185
NiCo,O, 16342  14.68  146.03 15875  22.62
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Fig. 8. Plot of In (¢/Ty) versus 1/Ty, for ZnCo,04 and NiCo,0,.
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