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Thermal Characteristics of Polypropylene

in Combustion Reaction Using TGA

Yun Jin Kang® - Su Eun Seo” - Gyu Suk Seo” - Kyung Sik Kang™
"Department of Industrial and Management Engineering, Myongiji University
“Safety Management Laboratory, Myongiji University

Abstract

The combustion reaction of polypropylene was investigated using a thermogravimetric technique under an air
atmosphere condition at several heating rates from 10 to 50C/min. To obtain information on the kinetic
parameters, the dynamic thermogravimetric analysis curve and its derivative were analyzed by a variety of
analytical methods such as Kissinger, Friedman, Freeman-Carroll, Chatterjee-Conrad, Ozawa and Coats—Redfern
methods. The comparative works for the kinetic results obtained from various methods should be performed to
determine the Kinetic parameters, because there are tremendous differences in the calculated kinetic parameters
depending upon the mathematical method taken in the analysis.
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243t

Activation energy,
E (kJ/mol)

79.27 0.979

Correlation coefficient
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Fractional | Activation energy |Correlation
weight loss E (kJ/mol) coefficient
0.1 7761 0.986
0.2 60.95 0.995
0.3 60.44 0.990
0.4 66.84 0.987
0.5 72.56 0.997
0.6 79.22 0.997
0.7 95.48 0.995
0.8 108.57 0.982
0.9 111.71 0.993

Average 81.49
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<718} 5> Chatterjee-Conrad methodel] 2]t 1=

<X 5> Chatterjee—Conrad methodoll &Jal] Axke
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Order of |Heating rate, A;:;Zagt;on Correlation
reaction, n| g (C/min) E (kJ/m(;l) coefficient
‘ 10 68.91 0.988
20 72.04 0.954
05 30 79.47 0.954
40 91.58 0.945
50 89.42 0.947
10 103.31 0.970
20 104.72 0.945
1.0 30 111.87 0.910
40 123.66 0.900
50 122.02 0.901
10 137.71 0.944
20 137.40 0.919
15 30 144.26 0.880
40 155.74 0.867
50 154.63 0.867
10 172.11 0.924
20 170.09 0.860
2.0 30 176.66 0.860
40 187.82 0.843
B 50 18724 | 0.846
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1.6 -
o 14
e
1.2 4
1.0 4
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<21¥ 6> Ozawa methodell &3+ a2

<% 6> Ozawa methodell 2l&f Alatd 3ol W&
A sloll 1A

Fractional | Activation energy | Correlation
weight loss E (kJ/mol) coefficient
0.1 85.21 0.963
0.2 80.10 0.953
0.3 75.38 0.961
0.4 73.74 0.958
05 74.36 0.961
0.6 75.70 0.965
0.7 79.81 0.968
0.8 84.27 0.969
0.9 89.53 0.967

Average 79.79
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<13 7> Coats-Redfern methodel] ¢]%F 2L

<3 7> Coats—Redfern methodell 2J8) ARk 22d3loud=]

Order of |Heating rate, Agigagt;on Correlation
reaction, n| g (C/min) E (kJ/mol) coefficient
10 7779 0.994
20 74.64 0.998
05 30 75.31 0.993
40 76.54 0.994
50 77.27 0.995
10 93.54 0.998
20 89.62 0.996
1.0 30 90.18 0.990
40 91.28 0.976
50 92.24 0.979
10 112.20 0.990
20 107.33 0981
15 30 10771 0.969
40 108.62 0.947
50 109.87 0.953
10 133.62 0.972
20 127.64 0.958
2.0 30 127.79 0.941
40 128.45 0.913
50 130.04 0.921




o) St A 7 ol - 81 5] ) A 108 A 4 & 2008 12¢ 119
<% & EPzz el dAixidl TGA 23S 53 = AT ®olow, HkeAFE F05~1.02] Atolgte
AArkEl g sholl A o] ok 2 F359ck
Method Activation energy (kJ/mol)
Kissinger 79.27 A& 7] B
Friedman 81.49 .
Ozawa 79.79 A - A= Q1AL (min”)
F10 520 30 #40 50 g P AEE ()
Freeman- | 97.00]65.05|58.07 |50.67 | 45.75 g AR KJ/moD)
Carroll Average : 67.31 P (min Y
: - T 0
Chatterjee~ | 6891 |72.04|79.47 | 91.58 | 89.42 Lo el (o
Conrad n LA (5)
(,70.5) Average : 80.28 R & 1A (8314 J/mol - K)
Coats- 77.79\74.64\75.31\76.54\77.27 7 AR (K
Redfern ARgrASEAAe L5 K
(,70.5) Average © 76.31 T o e
t . /\]Z_]' (min)
g ¢ /tE&% (C/min)

o] 7HA WRiew Zulzadgalel oAankge] £
£ 34 Z7 Freeman-Carroll H& A€sk vz] v
HEO 9J&) Arte 4938l UR]= 76.31~81.49 kJ/mol
B ol ME A GES 45 7 Uslen, veAt

G ,F05~109) Aelghos S

rlo
Ml
oL
do
N
of\
N
_C1>L
rir
>
oo
o
iz
P
i
2
o T
M
:O_L_‘

H
7 ChatterjeeCorrad  He 4% 22} 79.27kJ/mol,
8L4%J/mol, R028k]/mole] AdE HAch
Ozawa<t Coats—Redfern 9} 7395 47 7079k]/mol 2
6.31k)/mole] AE Ve vRgAE 7HgEE By
oAM= gL STV E EAgUA ® STkt

4xel

(1] ¥4, "ghsfekEaiabdly, g=Abd AmAF (1993)
114221423

[2] Wk olzl=y, drE, "d FEgel o ueA &
Aol dglo] #3 AAF - Poly(methyl methacrylate)
o] Rafjule- 715, HWAHAK KONGHAK, 23(2)
(19%) 12516

B8] Ze)d, AR, ofshd, A%,
ol g3+ Zelza gy dEsle £ 1 A, gt
=H71E83] A 16(2) (1999) :115-123

4] AAE, olxW7], $34, &34, 4 & AFH, 4
WA, rHEe) el dRs) 2 ALTEEA ]
Korean Ind. Eng. Chem, 14(5) (2003) :634-640

(5] Aed, A5, oS, "dE i JEgd o3
P71 aRAEA Gl @3 A - PMMA,
PEMA, PBMA % MMA-EMA &%3E9] #afuks-
71+, HWAHAK KONGHAK, 25(3) (1987) :237-248

6] #9374, "Transfer Lags 12#3F Arrhenius Z 9]
Ll ot ZeksEl TGA Fwdlel A,
HWAHAK KONGHAK, 29(4) (1991) :203-511

[7] Dickens, B. and Flynn, J. B, "ASC Advances in
Chemistry Series”, ASC, Washington, D. C., 203
(1983) :209-210

[8] Murray, P. and White, J., "Kinetics of the Thermal
Decormposition of Clay. 2. Isothermal Deconposition
of Clay Minerals’, Trans. Brit. Ceram. Soc, ™A
(1956) 204206

[9] Friedman, H L., "Kinetics of Thermal Degradation



120 TGAE o] &3 ZgzzdHd9 A4

wgol A 97

54 A7 BeA - AR ATA

of Charforming Plastics from Thermogravimetry -
Application to a Phenolic Plastic, J. Poly. Sci., part
C, 6 (1963) :183-189
[10] Freeman, E. S. and Carroll, B, "The Application of
Thermoanalytical Techniques to Reaction Kinetics
- The thermogravimetric Evaluation of the Kinetics
of the Decarposition of Caldum Oxalate Monohydrate!”,
J. Paysi. Chem, &2 (1958) :34-397
[11] Chatterjee, P K and Carad, C. M, “Themogravinetric
Ardysis of Glldes?, J. Ry Sd, part-1, 6 (198 317-322
[12] Kok, M V. and Pamir, M R, "Cormparative Pyrolysis
and Combustion Kinetics of Ol Shales”, J. Analytical
and Applied Pyrolysis, 55 (2000) :185-1H4
[13] Ozawa, T, "A New Method of Analyzing
Thermogravimetric Data”, Bull. Chem. Soc.
Jon., 38 (1965) :1881-18%6
[14] Doyle, C. D., "Estimating Isothermal Life from
Thermogravimetric Data”, J. Appl. Polym. Sci,,
6 (1962) :639-645
[15] Coats, A W. and Redfern, J. P, "Kinetic Parameters
fram Themogravinetric Data, Nature, 201 (1964) 63-74
[16] Bockhom, H, Homng, A, Homung, U, Teepe, S.
and Weichmann, J.,, "Investigation of the Kinetics of
Thermal  Degradation of Conmodity  Plastics”,
Combustion Science and Technology, (1996) :166-177
[17] Kissinger, H E., "Reaction Kinetics in Differential
Thermrel Analysis”, Anal. Chem, 2511 4957 172-1711
18] Park, J W, Oh, S. C, Lee H P, Kim H T. and
Too, K O, "A kinetic Analysis of Thermal
Degradation of Polymers Using a Dynamic Method”,
Polym Degrad. and Stab, 67 (2000) : 535540

iz e B et aa b e P ey
AA A e e

Heastetn AEARYshe
B AEgEel A9
Asaa, AA gAeka
QAT Bt
szold. @A FUTI&FA
A

Frojshel FIAALENS A
Seas, PR AT
33} wpALsbgel At Folm, F

o

HAEoks, A dEd
ABY Folrk A W=
o YFe= A Foltt

41 & to

i
£, .

Fa ANE QA BT AAE AR APT
611 3103%



