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Table 1  Relative molar contents of different elements
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C 62. 597
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Table 2 Pyrolysis parameters of Fe,0,/NG

FHEHER, DTG W (LX) / WEH B T it

(K-min™!) (% +min~") /K I8 %
5 24.41 1156. 85 49.78
10 33.97 1175.75 49.85
15 50. 42 1186.85 50. 38
20 67.99 1194.05 49. 67
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Table 3  Estimated thermal degradation activation

energies( E,) and pre-exponential factors(A)

using the FWO and KAS methods

E"/ ES/
a RSV InA® R3" InA®

(kJ-mol =) (kJ-mol =)
0.25 404.08 0.998 42.63 405.52  0.997 21.26
0.30  404.88  0.999 43.07 406.34  0.999 21.59
0.35  406.06  0.999 43.51 407.64  0.999 22.04
0.40  406.46  0.999 43.84 408.05  0.999 22.37
0.45  406.85  0.999 44.15 408.46  0.999 22.67
0.50  408.45  0.999 44.56 410.13  0.999 23.09
0.55  409.85  0.999 44.94 411.63  0.999 23.47
0.60  412.48  0.999 45.44 414.41  0.999 23.97
0.65 413.28  0.999 45.73 415.25  0.999 24.26
0.70  415.77  0.999 46.20 417.89  0.999 24.72
0.75 418.23  0.998 46.65 420.49  0.998 25.18
0.80  424.65 0.997 47.51 427.10  0.996 26.04
XY 410.92 0.999  44.85 412.74  0.999 23.38
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Fig. 8

Plots of thermal degradation activation energy(E, ) vs.

conversion rate( ) for the FWO and KAS methods

7N, WG AL RE R A e AL AR A 1 M 3, T A vl g
SEBEAE T3 SOSHEAT B A R v — SR R o b
R RN ARSEHEAT T 23 MERE RS PRI 2 W Ak
REYG R, RMTEILRE 5L R Z MM R AT R H
FWO 5 E, =402.782 +0. 594"
KAS 7775 E, =404. 043 +0. 668¢" 77*

3.4 BREWAHEGERUFLLE

WA [# Z R BN, B g 2 LB R B 32 A
IR B IO AR Y A SR TR AR B R AL A

PRI AR 4,

4 WIS BN ) )AL pR R

Table 4 Commonly used solid-state pyrolysis reaction

kinetic mechanism functions
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Table 5 E, values obtained by CR methods

TR WA f(@) BUMER g(@) E/(kl-mol™") R}
Mample Power(P2) 202 a'”? 609. 25 0.902
Mample Power( P3) 3077 ' 408. 06 0.911
Mample Power( P4 ) 4074 ol 303. 31 0. 908
Avrami —Erofeev ( A2) 2(1-a)[ =In(1 -a)]"? [ -In(1-a)]"? 2291.56 0.957
Avrami - Erofeev ( A3) 3(1-a)[ -In(1 -a)]?>? [ -In(l-a)]¥? 2291.55 0. 957
Diffusion(D1) 0.5 o’ 2494.75 0. 906
Diffusion( D2) [-In(1-a)]"! (1-a)ln(l -a) +a 3040. 96 0. 944
Diffusion( D3 ) L5(1-a)??/[1-(1-a)'?] [1-(1-a)]? 3784.71 0.924
Zero-order (FO) 1 @ 1237.74 0. 905
First-order (F1) -« ~In(1-a) 2291.56 0. 957
Second-order( F2) (1-a)? (1-a)-1-1 3980. 42 0.981
Contracting area(R2) 2(1 —a)'”? 1-(1-a)”? 1700. 49 0.935
Contracting volume( R3) 3(1-a)'? 1-(1-a)’ 1882.73 0.943
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Kinetic study of the thermal decomposition of Fe, O, /nitrogen-doped

graphene( NG ) composites

MA Yan CHEN Dongliang” ZHANG DongSheng HE XiangXiang YANG Ran

(School of Mechanical and Electrical Engineering, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract; The thermal decomposition behavior of Fe,O,/nitrogen-doped graphene (NG) composites, a potential
anode material for supercapacitors, has been investigated by TG analysis. The Fe,0,/NG samples were prepared by
a hydrothermal method, with the temperature increased to 1 473. 15 K at different heating rates of 5, 10, 15 and
20 K/min under nitrogen. The thermal decomposition characteristics of the composites and the reaction mechanism
were analyzed. “Model-free” methods including the Kissinger-Akahira-Sunose (KAS) method and the Flynn-Wall-
Ozawa (FWO) method and the Coats-Redfern model fitting method were employed to estimate key parameters. For
the FWO and KAS methods, the activation energies increase monotonically from 404. 08 kJ/mol to 424. 65 kJ/mol
and 405. 52 kJ/mol to 427. 10 k]/mol, respectively. The average activation energies values for the two cases are
410. 92 kJ/mol and 412. 74 kJ/mol, respectively, with a discrepancy of 0. 4% . The Mample Power (P3) rule best
reflects the dynamics of the true chemical process in the Fe,0,/NG decomposition reaction.

Key words: graphene composites; apparent activation energy; kinetic; model free; Coats — Redfern model



