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Abstract: The thermal degradation of polyethylene has been studied using a nonisothermal thermogravimetric technique under a nitrogen
atmosphere condition at several heating rates from 10 to 50 C/min. To obtain information on the kinetic parameters, the dynamic thermogravimetric
analysis curve and its derivative have been analyzed by a variety of analytical methods such as Kissinger, Freeman-Carroll, Flynn-Wall, Coats-
Redfern, Chatterjee-Conrad, Friedman, Horowitz-Metzger, Ozawa and Denq 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. From this work, it was found that the apparent activation energy of
HDPE was larger than those of LDPE and LLDPE.
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Table 1. Experimental Conditions for TG Measurement

Item Condition

Room temperature ~ 1000 C
10, 20, 30, 50 C/min

Scan temperature

Heating rate

Purge rate 25 mL/min
Purge gas Na
Sample weight 10~13 mg

Weight Fraction, 1«

400 450 500 550 600
Temperature, °C

Figure 1. Typical TGA curves for the polyethylene samples in
N2 atmosphere at heating rate of 30 C/min.
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Table 3. Calculated Activation Energies by Chatterjee-Conrad’s
Method
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Figure 2. Application of Freeman-Carroll's method to experi-

Aln(1-a)/A(1/T) x10™*

mental data obtained at heating rate of 50 C/min.

Table 2. Kinetic Values Determined by Freeman-Carroll's Method

. Heating rate, . Activation energy,
Material 3 (C/min) Reaction order, n Ek]/mo))
10 0.67 3206
20 091 4210
HDPE 0 132 4858
30 1.70 561.2
10 0.81 296.3
20 097 4129
LDPE 116 17
50 1.15 383.0
10 0.70 3214
20 0.79 446.0
LLDPE 30 1.01 472.8
50 1.03 316.2
0
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®  n=1:LDPE
-1
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Figure 3. Application of Chatterjee-Conrad’s method to the

experimental data obtained at heating rate of 10 C/min.
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Activation energy, E(kJ/mol)
Material Reaction order,
Maten n B:10 | B:20 | B30 | B:50
C/min | C/min | C/min C/min
0.5 386.0 346.0 3534 3484
1.0 458.8 406.0 4429 442.1
HDPE 15 5316 | 459 | 524 | 538
20 604.4 525.7 622.0 6294
05 2215 284.2 290.1 2832
1.0 256.5 3430 3446 346.2
LDPE 15 285.3 39%.8 399.2 409.2
20 326.4 4485 4537 4721
05 277 3270 3250 3157
1.0 306.9 385.0 3930 3397
LLDPE 15 356.1 443.0 460.0 4635
20 406.3 501.0 5289 5374
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Figure 4. Application of Kissinger's method to experimental data.
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Table 4. Calculated Activation Energies by Kissinger's Method

Material Activation energy, E(k]J/mol)
HDPE 2532
LDPE 1914
LLDPE 205.0
0.0
-5 1
o =0.3: HDPE
«=0.3:LDPE
-1.0 1 o =0.3: LLDPE
g
§ 1.5 1
£
2.0
25
C
'30 T T T T T
00126 00128 .00130 .00132 .00134 .00136 .00138
1UT

Figure 5. Application of Friedman's method to experimental data.

Table 5. Kinetic Values Determined by Flynn-Wall's Method

Material Heating rate, | Reaction order, Activation energy,
aena | p(C/min) n EK]/mol)
10 0.12 251.9
20 0.07 276.5
HDPE 30 0.05 212.7
50 0.03 243.1
10 0.16 186
20 0.09 210.3
LDPE 30 0.06 209.0
50 0.04 190.8
10 0.13 183.6
20 0.07 2746
LLDPE 30 0.06 2711.0
30 0.03 2247

Flynn-Wall %92 Kissinger
) g °ﬂ /\1 _4 Al 7+ 0

ZoieE

Kissinger 3 2
3} oz A :r"%L

Wyl Zhol 7}?‘:;%5

$xEY 947 533
300
® e HDPE
280 — c s LDPE
S ee A LLDPE
= hd e, ®
3 260 S
£ ®
= A .
- [} ; [
X A °
T 240 - e A a A
- [ A A 1t
>
> A . - A A L]
@ 220 .
c a S a
w [ ] ™ [ 2
c . |
S 200+ L] '
® -
% a " "ac ¢ -
3 180 - g R
- !
L]
160 —
140 T T T T
0.0 2 4 6 8 10
Weight Loss Fraction, o
Figure 6. Activation energy upon fractional weight loss
according to Friedman's method.
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Figure 7. Application of Horowitz and Metzger's method to the
experimental data obtained at the heating rate of 10 C/min.
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Table 6. Calculated Activation Energies by Horowitz-Metzger's
Method

H4 - oA - oldg - Aag

Table 7. Calculated Activation Energies by Coats-Redfern’s
Method

Material | Heating rate, 8('C/min) | Activation energy, E(k]/mol)
10 460.0
20 386.6
HDPE 20 1800
50 485.2
10 2432
20 334.2
LDPE 0 373
50 361.0
10 3110
20 368.7
LLDPE 30 395.7
30 416.6
28
26 -
24 -
22 4
20
18
> 16
14 A
12 ¢ n=1. HDPE
4 n=1:LDPE
10 4 © n=1:LLDPE
8 4
6 P

00125 .00130 .00135 .00140 .00145 .00150
1T

Figure 8. Application of Coats-Redfern’s method to the experi-
mental data obtained at heating of 50 C/min.
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Activation energy, E(k]/mol)
Material Reaction order,
Maten n B110 | B2 | B30 | B:50
C/min C/min C/min C/min
05 1201 1576 214.4 213
1.0 1234 162.0 221.3 2285
HDPE 15 121 | w671 | 282 | 2370
20 1314 1729 2331 246.7
05 1204 2204 2384 291.1
1.0 124.3 2278 246.9 3024
LDPE 15 1289 236.2 256.6 3155
20 1339 245.7 2615 330.3
05 1366 1924 2177 285.7
10 1402 1973 2239 2947
LLDPE 15 144.3 202.8 2309 305.1
20 1489 209.0 238.8 316.8
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Figure 9. Application of Ozawa’s method to experimental data.
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Figure 10. Activation energy upon fractional weight loss
according to Ozawa's method.

Table 8. Kinetic Values Determined Employing Deng’s Method

Material Heating rate, Reaction order, Activation energy,
et 2 (C/min) n EXk]/mol)
10 0.66 2740
20 1.21 3482
HDPE 1.32 3894
50 1.63 403.7
10 0.86 305.3
20 054 27114
LDPE 30 0.41 2267
50 0.42 226.0
10 0.80« 3472
20 056 3433
LLDPE 30 083 3378
50 052 310.8
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Table 9. Summary of Kinetic Values at Maximum Thermal
Degradation Rate Using a Variety of Analytical Methods

Activation energy, E(k]/mol)
HDPE |LDPE|LLDPE| HDPE LDPE LLDPE

Reaction order, n

Method

Freeman-Carroll
at 10 C/min 067 { 081 | 0.70 3206 296.3 3214
at 20 C/min 091 { 097 | 079 421.0 4129 446.0
at 30 C/min 132 | 116 | 101 488 411.7 472.8
at 50 C/min 170 | 115 | 103 561.2 3880 376.2

Chatterjee-Conrad

at 10 C/min 4588 2565 3069
at 20 C/min 1.0 1.0 1.0 406.0 343.0 385.0
at 30 C/min 4429 3446 393.0
at 50 C/min 442.1 346.2 339.7

Kissinger 1.0 1.0 1.0 2532 1914 205.0
Flynn-Wall

at 10 C/min 012 | 016 | 013 2519 1856 1886
at 20 C/min 007 | 009 | 007 2765 2103 2746
at 30 C/min 005 | 006 | 006 2727 209.0 2711.0
at 50 C/min 003 | 004 | 003 2431 190.8 2247

Friedman 382 | 214 | 245 [1638~2834/167.8~234.2172.5~2495

Horowitz-Metzger

at 10 C/min 460.0 2432 311.0
at 20 C/min 1.0 1.0 1.0 386.6 334.2 368.7
at 30 C/min 4822 3373 3%.7
at 50 C/min 4852 361.0 4166
Coats-Redfern
at 10 C/min 1234 1243 140.2
at 20 C/min 1.0 1.0 1.0 162.0 22718 1973
at 30 C/min 2213 246.9 2239
at 50 C/min 2285 3024 294.7
Ozawa - - - [2014~257.6125.2~202.8(1435~2179
Deng

at 10 C/min 066 | 086 | 0.80 2740 3063 472
at 20 C/min 121 | 054 | 056 3482 27114 3433
at 30 C/min 132 | 041 | 083 389.4 2267 3378
at 50 C/min 163 | 042 | 052 403.7 226.0 3108

Table 10. Kinetic Parameters for the Thermal Degradation of
Polyethylene Reported in the Literature

. Activation energy,
Authors Reaction order, n E(K]/mol) e
HDPE | LDPE | HDPE LDPE

Muchal17] 00~1.0 | 00~10 | 330~247*® | 163~2307
Urzendowski and 10 1.0 304° 200°
Guenther(18] 10 | 10 320° 303°
Wu et al[19] 074 063 234 206°
Westerhout et al[12]| 10 1.0 220P 241%4
o= 10 - 201

Jellinek[20] - 00 - 192~276°

Act:vauon energy decreases with increasing molecular weight of sample.
® Measurements performed in a nitrogen environment.
© Measurements performed in a vacuum environment,

“ Different initial molecular weight distributions.
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