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Abstract

Polyethylene terephthalate (PET) has been widely applied in polymers and packaging industries to produce synthetic fibers,
films, drink bottles or food containers. Therefore, it has become one of the major plastic wastes. In this article, glycolysis
known as one of the main methods in PET chemical recycling was investigated using a glycol to break down the polymer
into a monomer. Glycolysis of PET and ethylene glycol was performed in a micro-tubing reactor under various conditions.
The effect of glycolysis conditions on the product distribution was investigated at experimental conditions of the EG/PET
ratio of 1~4, the reaction time of 15~90 min and the reaction temperature of 250~325 C with Mn and Cu catalysts. The
highest yield of bis (2-hydroxyethyl) terephthalate monomer (BHET) was obtained as 89.46 wt% under the condition of the
reaction temperature of 300 C and the time of 30 min using 10 wt% Cu/ 7 -ALOs catalyst, with the PET and ethylene glycol
ratio of 1 : 2.
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Figure 1. Reaction scheme for the glycolysis depolymerization of PET [4].
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Figure 2. Schematic diagram of micro-tubing reactor.
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Table 1. Effect of PET/EG Ratio on PET Conversion, Product Selectivity, and Product Yield in Glycolysis Reaction 275 C and 15 Min

PET/EG mol Ratio PET Conversion (%)

BHET Selectivity (%) BHET Yield (%)

1:1 52.51
1:2 94.83
1:4 85.65

29.54 16.10
56.77 53.84
55.53 47.56

Table 2. Effect of Reaction Temperatures on PET Conversion, Product Selectivity, and Product Yield in Glycolysis Reaction; PET/EG = 1 : 2

Ratio, and 30 Min

Temp. (C) PET Conversion (%) BHET Selectivity (%) BHET Yield (%)
250 74.23 34.71 25.77
275 94.83 56.77 53.84
300 99.56 66.08 65.80
325 99.93 82.79 82.73
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Figure 3. Differential thermogravimetric (DTG) curves for original
PET and PET after reaction.
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Figure 4. Selectivity of the BHET dimer under influence of reaction
time identified by GC-MS.
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Table 3. Effect of Reaction Time on PET Conversion, Product Selectivity, and Product Yieldin Glycolysis Reaction; PET/EG = 1 : 2 Ratio, and

300 C
Time (min) PET Conversion (%) BHET Selectivity (%) BHET Yield (%)
15 94.83 56.77 53.84
30 99.63 69.69 69.43
60 99.83 71.74 77.61
90 99.90 61.54 61.48

Table 4. Effect of Catalysts on PET Conversion, Product Selectivity, and Product Yield in Glycolysis Reaction; PET/EG = 1 : 2 Ratio, and 300 C

Catalysis PET Conversion (%) BHET Selectivity (%) BHET Yield (%)
- 99.56 66.08 65.80
Mn 99.76 79.65 79.46
Cu 99.56 89.80 89.41
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Figure 5. EDS and XRD patters of 7 -AlLOs-supported catalysts (a) EDS

on 10 wt% Cw/ 7 -ALOs, (b) EDS on 10 wt% Cw/ 7 -ALO;, (¢) XRD on

10 wt% Cw 7 -AlLOs, (d) XRD on 10 wt% M/ 7 -ALOs.
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