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Abstract—We depolymerized PET in supercritical methanol and observed the yield of DMT at various
reaction conditions. At subcritical state below 240, the yield of DMT was very low, about only 50%. It
increased dramatically to 80% at supercritical state above 260, thereafter the increasing rate was reduced
significantly. Similarly, at subcritical state of 6.89 MPa, the DMT yield was only 50%, but it increased
abruptly to 85% at supercritical state of 10.34 MPa, yielding no further increase above the pressure. Within
10 minutes after the beginning of the reaction, the DMT yield reached 80%, indicating that the significant
portion of the reaction has proceeded, and then, the yield increased slowly. The methanol/PET ratio of 8
showed the maximum DMT yield. We found the optimum depolymerization condition for PET methanolysis
is temperature 300°C, pressure 10.34 MPa, reaction time 40 minutes, and methanol/PET ratio of 8.
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Table 1. Four Classes of PET bottles [1]

Type Characteristics Uses
PR . .
. Pressure-resistance Soft drink bottles
(Pressure resistant)
HR Ionic drinks and

Heat-resistance

(Heat resistant) coffee cups

(NonNFessure General-purpose | Bottles for soju and
resils) tant) PET crude rice wine
HPR
(Heat/ pressure Heat- a'nd Soft drink bottles
resistant) pressure-resistance

Table 2. Comparison of PET recycling methods[2-7]
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Mechanical Glycolysis Hydrolysis Methanolysis
Technology Collection, clas.sflcatlon, Depolymerization by glycol, Hydrolysis ' Depolymerization by

remodeling such as EG by water or alkali methanol
Product Flake, pellet Oligomer TPA, EG DMT, EG
Technology Level Commercialized Commercialized Pilot level Pilot level
Process Cost Low Middle High High
Uses Fiberfill, shegt, Polyurethane, unsaturated Virgin TPA Virgin DMT

carpet, clothing polyester
Requlre§ clean and segregat-ed leﬁcu-lty in purlﬁcatlonA due to High cost, difficulty -
Problems collection and an automatic | the high molecular weight of in refining High cost
classification equipment the product &
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Table 3. The properties of PET

Properties

Molecular weight of

. 192 g/mol
repeat unit

O-chlorophenol,

Solvent Phenol, 1,2,4-trichlorobenzene

Glass-transition

76.9C
temperature, T
Melting point, Tp 264.6C
Density of repeat unit 1501 g/em’

I i
o— c@ C—O0—CHy—CHy
n

Figure 1. Molecular structure of PET (M.W. of
repeat unit = 192).

201 Polyethlene terepthalate [PET]
sample weight 20 g Tm
heating rate 10 K/min

-
o
1

Heat flow [mJ/s]

Te
01 131.0°C

S0 100 150 200 250 300
Temperature [°C]

Figure 2. DSC thermogram of PET(T, = 76.9C,
Tm = 264.6C)[19].

Table 4. Specification of the depolymerization apparatus

Name Specifications

HIP MS-16, SS316,

Reactor 430C, 130 MPa,
Vol. 24 ml
HIP 15-63AF1
Safety valve Max. pressure : 70 MPa (at 227C)
Temperature Yujin Focus YJ-72 (Max. temp. : 12007C)
controller Autonics TAWM (Max. temp. : 12007C)

Heater (35A)

Heating system Max. temp : 700°C

Sinku Kiko PUS-11,
Pump Non-Pulse type,
Flow rate: 29~290 ml/hour

Pressure Sensotec TJE/743-06,
gauge 70 MPa
P
Safety Head
% Filter
v
Reactor I < <
Vent h 4

A A

o -

Heating Jacket Methanol

Figure 3. Schematic diagram of the experimental batch-
type supercritical fluid depolymerization
equipment.
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Figure 4. Procedure for analyzing the reaction products.
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Table 5. Operating conditions for gas chromatography

Variables Operating Conditions
Carrier Gas N>
Injector q
Temperature 230C
Oven 70°C(2 min) to 280°C(20 min),
Temperature programmed at 15 C/min
Detector P
Temperature 280C
Column Capillary Column 30m % 0.32 mm (OD),
SGE BP-1(100% Dimethyl polysiloxane)
Purge Ratio 2.26 md/min
Spilt Ratio 40 ml/min
Injection
quantity 0.5 pb
Flow rate . . .
(Air: N, : Hy) 300 : 30 : 30 (ml/min)

EIXE]

e Lo by by d
4080.3 J888.5 28

vl Ll TR Rl B i R Lo

(b) Depolymerized product

Figure 5. IR spectra of (a) standard DMT and
(b) depolymerized product.
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(a) Standard DMT
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Figure 6. NMR spectra of (a) standard DMT and
(b) depolymerized product.
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Figure 7. GC chromatograms of (a) standard DMT
and (b) depolymerized product.
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Table 6. Yields of the products at various reaction
temperatures (pressure: 13.79 MPa, reaction
time : 30 min., methanol/PET ratio : 16)

PET, DMT

Temp. DMT MHET not reacted BHET dimer Total
(T (%) (%) (%) (%) (%) (%)
220 45.7 2.0 48.3 0.9 1.4 98.3
240 49.4 4.9 36.7 0.8 1.4 93.2
260 76.8 7.6 9.6 0.2 0.3 94.5
280 82.8 9.6 2.6 1.2 1.0 97.2
300 85.7 4.2 0.3 0.4 0.5 91.1
320 86.0 5.2 0.2 0 0.3 91.7

100
80

_ 60f
)

% 4ar \\ —--—e-—- Dimer of DMT
= \ — —A— —  Unreacted PET

20 |-
AN
o b wewmus yeeeeeet :\\v ........... S~ —;
! ! !
210 240 270 300 330

Temperature [°C]

Figure 8. Variation in the yields of the products with
reaction temperature.
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Table 7. Yield of the products with reaction pressure
(temperature : 3007, reaction time: 30 min.,
methanol/PET ratio : 16)

DMTDi

Pressure DMT MHET | o r]j;}c’tion BHET ™ Total
MPa) (%) (%) (%) & (%) (%)
6.89 52.8 4.7 38.1 0.1 0 95.7
1034 860 5.3 1.9 1.0 1.3 95.5
13.79  85.7 4.2 0.3 0.4 0.5 91.1
17.24 857 7.2 0.3 0.3 0.4 93.9
20.68  86.0 5.3 0.2 0.2 0.3 92.0

100
80 |-
60
—_ ——e— DMT
S 7 e PO MHET
———w——- BHET
% 40 - N —— Dimer of DMT
= \ — —8— — Unreacted PET
20 | N
..............x\. ............... PP @ eeriieinnnna, °
OF v v -— N
] ] ] ] ]
6 9 12 15 18 21

Pressure [MPa]

Figure 9. Variation in the yields of the products with
reaction pressure.
(temperature : 300°C, reaction time: 30 min.,
methanol/PET ration: 16)
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Table 8. Yield of the products with reaction time (temperature:

300°C, pressure: 13.79 MPa, methanol/PET ratio: 16)

Table 9. Yield of the products with methanol/PET mass
ratio (temperature: 300C, pressure: 13.79
MPa, reaction time : 30 min.)

Time DMT MHET _ PEL.  pupr DMIDi rq
(min) (%) (%) (%) (%) o (% 1\/41ng1{ DMT MHET PET,  BHET DMTDi Total
not reaction
10 797 24 13.8 0.3 04 966 ratio (%) (%) (%) %) med%) (%)
20 85.6 6.2 0.8 0.1 0 92.7 4 83.2 6.7 4.1 0.3 0 94.3
30 857 4.2 0.3 0.4 0.5 91.1 8 876 53 0.5 0.2 03 939
40 89.6 4.0 0.1 0.1 0 93.8 12 88.0 5.9 0.4 2.3 2.4 99
60 913 2.8 0.1 0.1 0 94.3 16 85.7 4.2 0.3 0.4 0.5 91.1
100 100
/ @ —
80 L f—/’. 80 i
60 - 60 |
Iy ——e—— DMT 9 —@—— DMT
s @ceoces MHET =— | ssesess @eceoos MHET
B 40 ———y-==—- BHET T 40 |- —==—w-—=-  BHET
Q — o= Dimer of DMT © ——e— Dimer of DMT
> e =fl= = Unreacted PET >_- == =—ffj=— =  Unreacted PET
20 - 20
\
\. ,,,,,,,, PR @ reeeeneinns '_._ ............ @ cecccennnnsenannns @cccettennnnncnnans °
ol e o, s oL EE=IIIS : e
1 1 1 1 | 1 1 1
0 15 30 45 60 3 6 9 12 15 18

Time [minute]

Figure 10. Variation in the yields of the products with
reaction time.
(temperature : 300°C, pressure: 13.79 MPa,
methanol/PET ration : 16)
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Figure 11. Variations in the yield of the products with
methanol/PET mass ratio.
(temperature : 300°C, pressure: 13.79 MPa,
reaction time : 30 min.)
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