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Abstract; The study on pyrolysis characteristics of plastic waste is in favor of achieving its clean and efficient conversion and
utilization. The catalytic pyrolysis characteristics of high-density polyethylene (HDPE) , low-density polyethylene ( LDPE) ,
and polypropylene (PP), with three different catalysts of HZSM-5,HB and HUSY, were investigated by the thermogravimetric
experiments at different heating rates of 10, 20, 30,40,50 °C/min. The increase of heating rate caused thermal hysteresis,
and the different types of catalysts had different effects on the improvement of pyrolysis rates of the HDPE, LDPE, and PP. In
order to provide theoretical support, three kinetic modeling analysis methods, including Coats-Redfern (CR), Flynn-Wall-
Ozawa (FWO) , and distributed activation energy model (DAEM) , were used to calculate the kinetic parameters of HDPE,
LDPE, and PP pyrolysis under different conditions. CR method verified that each pyrolysis reaction was following the first-
order reaction model and found that the catalysts could significantly reduce the activation energy of the reaction. The calculated
activation energy by two iso-conversion rate methods, including the FWO method and DAEM, was similar to each other. The
DAEM model, including the kinetic compensation effect, showed that the activation energy increased and then decreased as
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the conversion rate («) increases, and reached the highest at a=40% ~50%.

Keywords: plastic; pyrolysis; catalytic; kinetic analysis
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Table 1 Basic characteristics of different plastics

251 ’E‘)'}f/(g/cmz) S FH5 4%/ %
HDPE 0.94~0.96  ZMELEH ~o~~~ 99
LDPE 0.91~0.92 i%%%;ﬁlﬁ;j' 99
PP 0.9 ateaity L 9

R2 HAFHNERSH

Table 2 Basic parameters of different catalysts

e fEA /% I £/ (g/m?) fL4%2/nm
HZSM-5 25 345 0.52
HB 25 640 0.71
HUSY 5.4 690 1.0

1.2 Aok

ASSZ UG SR 22 43 VEE A B A2 (Q500, TS, USA ) 3
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Figure I The TG and DTG curves for HDPE, LDPE, and PP at different heating rates
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Figure 2 The TG curves of HDPE | LDPE, and PP at the same heating rate
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FLUR PP FRUR &5 R R 0] fg B2 1 4, %ot A A 7 ) 5
AR AE SR BRAER | DT A T R B b vy 7 BRI b,
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P, H AT A e 1 5 — 1Y) 2l g 2% B Rk B o BT
WA RE 78 4% M — U Bk 4T 40 BT, CR LA+
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W, G B A IO R AR TG A BE Y 2k 4 A, BT
1FEE 5 B RN O T BB A T R 2%
2.3.2 FWO fxA

FH HDPE LDPE PP 7£ 5 4™ Jh i 8 5% F 52 5
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Table 3 Calculated kinetic parameters by the CR method
in the pyrolysis

2

i H E/(kJ/mol) A/min”"! R’
HDPE 365.98 1.42x10% 0.9813
LDPE 248. 63 7.29%x10" 0.9938
PP 159. 34 4. 44x10" 0.9753
HDPE +HZSM-5 121. 11 1.65x10° 0. 9889
HDPE+HB 112.43 3.21x10° 0. 9933
HDPE+HUSY 122.77 3.21x10" 0.9923
LDPE+HZSM-5 90.57 1.38x10" 0. 9965
LDPE+HB 93.79 1.77x10® 0. 9899
LDPE+HUSY 80. 66 3.97x10° 0.9377
PP+HZSM-5 110. 38 1.21x10° 0. 8654
PP+HB 107. 51 8.78x10° 0. 9869
PP+HUSY 100. 18 1.37x10° 0. 9886

s R FWO SRR ON B ) S IR 4,
AT LLE W AR A — I IGHCR T PP SRS A T 1 AH X
T HDPE 1 LDPE B R [&AI%, N PP 43 F K Y
T e 45 4 T S AR R L A A oo R v i R RO
A AT LSS IR R SC TG M4 b PP AR 1) 4 46 Tt B 1K
T HDPE 1 LDPE #9552 56 %5 85 i T S ¥ . Aboulkas
PRI FWO 5 2R 15 19 HDPE PP A 7% 1k fiE °F
Y 4 9k 243, 183 kJ/mol; Zhong %51 3K 15 1y
HDPE % 1L 6E V-2 {H h 264. 8 kJ/mol ; 7 JRURE 25 34 F
Fi KAS, FWO #I Starink % 13 | PP 1 3% fk 68 7€
221.0~229. 1 kJ/mol 254k, i AWF5E 45 R KU 1
iz A TG A SR o M b AR 30 (0 25 SRR AH ], (H 25
e 7E — B W, A T/E 543 3 1 HDPE,
LDPE PP 1Y ¥4 7% fk 68 73 %l 2 273. 18, 265. 45,
195. 43 kJ/mol,

x4 FHAFWO #E+E55 4 HDPE.LDPE PP ERMBITERNII HESH
Table 4 Calculated kinetic parameters of HDPE ,LDPE and PP by the FWO method in the pyrolysis

HDPE LDPE pP
E/(kJ/mol) A/min”! R? E/ (kJ/mol) A/min”! R? E/(kJ/mol) A/min”! R?
0.1 257.63 8.78x10% 0. 9988 261. 69 8. 68x10% 0.9976 176.78 2.67x10' 0.9978
0.2 278.01 7.66x10% 0.9747 263. 80 2.56x10% 0. 9999 188.22 3.57x10" 0. 9831
0.3 284.76 4.65x10% 0. 9482 271.22 9.62x10% 0. 9998 194. 36 1.01x10" 0. 9987
0.4 292.71 1.23x10% 0.982 294. 06 3.41x10% 0. 9994 201. 47 3.48x10" 0. 9999
0.5 280. 42 2.41x10% 0. 9967 278. 04 1.48x10% 0. 999 210. 89 1.67x1018 0. 9986
0.6 278.23 1.36x10% 0. 9999 267.13 3. 11x10% 0. 9986 204. 57 5.55x10" 0. 9988
0.7 265. 86 2.51x10% 0. 9886 265. 42 2.27x10% 0. 9976 198. 66 1.27x10" 0. 9769
0.8 261. 30 1. 74x10% 0. 9968 246. 83 1.67x10% 0. 9969 193. 38 5.58%10'¢ 0. 9892
0.9 259.78 1.09x10% 0. 9999 240. 86 2.07x10% 0.9989 190. 58 3.07x10" 0. 9952
T 273.18 — — 265. 45 — — 195. 43 — —

2.3.3 DAEM Hi#l
FI ] HDPE .LDPE PP 7£ 3 NI IEHE R T L
BoE , RYE DAEM BRI E I W sh 15550, W& 5,

ME A B 5T 45 0T 40 - Xu % R Fl DAEM 353k 15 1
HDPE 9 1% 1k € °F # { & 146. 32 kJ/mol; Navarro
DOV H) ) DAEM 275 219 PP Fl HDPE 197 335 1k
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Table 5 Calculated kinetic parameters of HDPE ,LDPE and PP by the DAEM method in the pyrolysis
HDPE LDPE PP
o

E/(kJ/mol) A/min”" R? E/(kJ/mol) A/min”"! R? E/(kJ/mol) A/min”" R?
0.1 266. 85 4.78x10" 0.9995 262. 43 4.78x10" 0. 9962 177.32 8.76x10" 0.9958
0.2 274.98 2.21x10% 0.972 267. 38 5.67x10" 0.999 188. 81 7.55x10" 0.988
0.3 289. 63 9.54x10% 0.949 275.77 1.25%x10% 0.9999 194.73 2.35x10" 0. 9987
0.4 295.22 1.78x10% 0.9827 298. 07 4.78x10% 0.9991 200. 07 2.37x10" 0.9983
0.5 282.26 7.64x10% 0.9995 278. 63 1.43x10% 0. 9986 210.32 6.42x10" 0.9956
0.6 277.95 9.28x10" 0. 9999 267. 48 1.88x10" 0. 9892 205. 19 2.05x10" 0.9983
0.7 265.93 1.21x10" 0. 9868 264. 87 1.22x10" 0. 9867 193. 88 3.68x10" 0. 9686
0.8 263.17 2.76x10" 0. 9965 263.33 3.65%10" 0. 9999 182.78 2.50x10" 0. 9999
0.9 261. 44 2.33x10"® 0.9999 246.76 1.61x10' 0. 9978 167. 69 1.05x10"2 0.9994
T 275.27 — — 269. 41 — — 191.19 — —
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Figure 4  Activation energy distribution curves of HDPE, LDPE and PP
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