HWAHAK KONGHAK Vol. 40, No. 6, December, 2002, pp. 709-714

P OFRIAI~ LHOIM PETS| =3i

LA FAN S AT
*Oﬂlg}q]ﬁ—jﬂ_ _(T)Lj,}q.lﬁl— 2.9 ﬂﬁl—lﬁ—‘ﬂ
A

1 O ©O

, 20023 102 182 Ad)

Decomposition of PET in High Pressure Subcritical Water

Seung-Hee Chung, Jung-Hoon Lee, Jae-Jin Shim*, Jae-Seong Kim and Sunwook Kim

School of Chemical Engineering and Bio Engineering, University of Ulsan, Ulsan 680-749, Korea
*School of Chemical Engineering and Technology, Yeungnam University, Gyeongsan 712-749, Korea
(Received 22 Augsut 2002; accepted 18 October 2002)

2 o

B Ao Az poly(ethylene terephthalate)(PETYEalike- &= A7 317 siy 2 S-§28A 39473
A5 ekslsitt. sEA wHgr1e} Y S-§aAl FYARVE 23 A FRE ol4ste] AU 250 batlA] 2EE
300, 320, 346CE 77} WA 7|HA] PET Toﬁt&g AYS FEEn. 24 Lol 7] Bae] AdRkge] 76-90%) €
AR vl Eotorn 2wrt Ui be) HE-EE FUhsle RESAIZE 108l AEEo] 98wl T2 #hs RYS
& YAk 22 w7 Ezsle] HEgEE *@% THon olF olgsle HAFES AxtslsiEr Ha 2%dx=e] 2
HAR AR e} 22 AXE BT £ AteA G2 WEEATE o83l ofdAS WellA PET Eanke-o] 2443}

NIA S 3= 2 22 54.4 kd/molo] Tt

Abstracts — To investigate the decomposition kinetics of poly(ethylene terephthalate) the high pressure molten-polymer
injector has been devised. Using the experimental apparatus equipped with batch reactor and high pressure molten-polymer
injector the decomposition of PET has been performed at constant pressure of 250 bar and 300°G2@&spéttively. At
each temperature conditions the conversions aftialith minute have shown very high values such as 76-90%. As the tem-
perature increases the conversion reaches more than 98% at 10 minutes. Based on the second order reaction model the reaction
rate constants have been obtained. We can calculate the conversions within 2%ilerirggsoptimized rate constants. The
activation energy for the decomposition of PET at subcritical conditions has shown to be 54.4 kJ/mol.
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Fig. 1. Batch type high pressure polymer decomposition apparatus.
1. Magnetic drive 7. Thermocouple
2. Cooling line 8. Pressure sensor
3. Pressure gauge 9. Heater
4. Reaction vessel 10. Electric motor
5. Impeller 11. Thermocouple
6. Heater 12. High pressure metering pump
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Table 1. Experimental data for the PET hydrolytic decomposition

Temp. Time Conversion COOH conc. EG conc.
(°C) (min) (%) (mmol/g PET) (mmol/g PET)
300 0 68.30 7.10 0.26

1 76.10 7.91 1.39
3 89.86 9.35 2.72
5 92.98 9.67 3.39
10 96.88 10.08 3.77
320 0 71.60 7.46 1.01
1 85.97 8.94 2.33
3 94.28 9.81 3.35
5 93.50 9.72 3.61
10 98.43 10.24 3.52
340 0 81.03 8.43 1.75
1 90.38 9.40 2.22
3 95.32 9.91 241
5 97.40 10.13 3.62
10 98.95 10.29 2.16
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Fig. 2. Decomposition results of PET at 30%C and 250 bar.
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Fig. 3. Decomposition results of PET at 328C and 250 bar.
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Fig. 4. Decomposition results of PET at 348 and 250 bar.
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Table 2. Optimized reaction rate constants based on second-order model

Temp.fC) k(g PET/mol/min) k(g PET/mol/min)  AARD(%)
300 7.724 0.907 1.36
320 11.09 4.082 1.57
340 16.2¢& 13.27 3.54
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Fig. 5. Calculated conversion of PET at 308C using optimized reac-
tion rate constant.
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Fig. 8. Arrhenius plot for the hydrolytic decomposition of PET.
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Ccoon : COncentration of carboxylic acid [mmol/gPET]

Cg.  : concentration of ester linkage [mmol/gPET]

Cg; :initial concentration of ester linkage [mmol/gPET]

Ch,o : Concentration of water [mmol/gPET]

Chyoi  initial concentration of water [mmol/gPET]

Con : concentration of ethylene glycol [mmol/gPET]

k : forward reaction rate constant [g PET/mol/min]

k' : backward reaction rate constant [g PET/mol/min]

r : ratio of initial concentrations of water and ester linkage
t : time [min]
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