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¥ 1. Chemical Recycling Process of Waste Plastics1

Process and developer‘)_w 1Concept ; remarks f:‘:;!é:;zga Co::;’s;f""l
DEPOLYMERIZATION T —
Condensation-type polymers®
Hydrolysis General ~ | Twin-screw extruder converts PUR to polyol. 4 E
Motors, Detroit, MI
Glycolysis T T e
Goodyear, Akron, OH Partial breakdown of poly(ethylene terephthalate) to monomers 1 C
for reuse.
Mobay, Pittsburgh, PA Polyol is produced for reuse at 10-20% replacement of virgin 4 E
content.
Institute of Technology, Alen, Germany | Automotive seats glycolized into high-viscosity polyols for uses 7 E
in rigid PUR foams.
Methanolysis
DU PONT, Wilmington, DE Full PET breakdown to monomer for reuse. 2 D
Eastman Kingsport, TN Search for innovative, more cost-effective methanolysis. 2 D
Hoechst Celanese, Charlotte, NC Full PET breakdown to monomer for reuse. 1 C
Transesterificationd T
Oxid®, Houston, TX Reduces PET to monomer for repolymerization into polyols 2 C
used in polyisocyanurate foam.
Synergistics Industries, ST-Remi, QUE | Degrades PET in conventional esterification unit into plasticizer 2 D
for PVC.
Addition-type polymer’ T o o .
Battelle Lab, Columbus, OH Dedicated process unit breaks plastic down to monomer for 3 D
“closed-loop” reuse.
Solar Energ Research Institute, Dedicated process depolymerizes plastic waste to recover mo- 3 D
Golden, CO nomers.
Tokyo Institute of Technology, Fluidized bed of silica sand yields 80% combustible methane 5 E
Tokyo, Japan and ethylene gases.
REFINERY RECYCLING
Amoco Chemicals, Chicago, IL Refinery cracking . conversion of plastic waste to hydrocarbons. 3 b
Chevron Chemical and Mobil Chemical, | Refinery coking : conversion of plastic waste to hydrocarbons 3 D
Houston, TX 3 D
Fuji Recycle# Aioi, Japan | Dedicated process unit and catalyst yield crude oil 5 C
HYDROGENATION
UK-Wesseling, Cologne, Germany High-pressure cracking of plastics into hydrocarbons. 3 D
ELECTROKINETIC GASIFICATION
Mid-Ohio Technologies, Toledo, OH Electric arcs activate free radicals, separate polymer into indus- 2 D
trial-gas fractions.
MOLTEN METAL BATH o
Molten Metal Tech., Cambridge, MA Polymer waste injected into metal solvent bath yields gases, 8 C
chemicals, alloys.
ADVANCED PYROLYSIS
Waynes Tech., Victor, NY Three-stage condensation takes plastics stream to oil. 9 D
SMC Automotive Alliance/SPI, Sheet molding compound waste is pyrolized into pyro-gas, oil | 10 D
Washington, DC and “char.” -
POLYMER DISSOLUTION®
Argonne Labs, Chicago, IL Separating plastics in auto shredder residue : realloying. 6 D
Rensselaer (RPY), Troy, NY Fractionating mixed plastics by dissolving them in xylene ; re- 3 D
combination into composites.
Polytech Univ., Brooklyn, NY Solubilization and reprocessing of cured epoxy. 10 E

. Categories are . 1=PET bottles : 2=mixed PET : 3=commingled thermoplastic : 4=polyurethane foams :

| 1 —
5= polyolefines : 6=auto sh-

redder residue ; 7=automotive seats(mixed polymers) : 3= “nuisance” plastics(medical waste, wire & cable, heavy metal-containing
product) 3 9= plastics-rich municipal solid waste ; 10=thermosets.

: Glycolysis variant.

: Represented in U.S. by Fagan Technology,

= ol “EER L B W I -

. Categories are . C=commercial ; D=demonstration plant : E=experimental.
. Polymers yielded by polycondensation and having ester links(including polyesters, nylon and acrylic) or by reaction(polyurethane).

Furlong, PA.

: Also termed solvent fractionation. Involves use of a chemical process to separate polymers.

X nietal Il A6 ® 15 19953 2¥

: Company recently acquired the reprocessed polyol line(Chardol) made by Chardonor Chemical in a process similar to that Oxid uses.
: Polymers produced by polyaddition of molecules into chains(polyolefines, styrenes, vinyls).
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Process SEELE | WGET¥ =HER (EKER H % = HER sl )
Material PP(100) PE(90) PE(50) PE(50) PS(100) PE(100) tire
PVC(10) PP(25) PP(25)
PS(25) PS(25)
Feeding 300~350T, LA 250~270C g EERS 100C e
£z nho] AR H=
g3z
Pyrolysis Temperature(C) 550 400~450 510~ 560 450 480 - 600
Capacity(kg/hr) 170 200 128 103 200 1,000 158
Product
gas 4.4 133 144 10.0
Hcl 5.1
oil 95.1 79.0 68.3 740 753 85.0 50.0
specific gravity 0.77 26 0.80~0.83 0.811 091 0.77~0.79 092
heat(kcal/kg) 11.17 11.000 10.05 9.50 11.00 10.01
char 0.5 17.3 10.0
R 3. Pyrolysis of Waste Plastics in a Fluidized Bed!®
Feed Pyrolysjs Gas 0il Residue Others
(Temp. T) (wt. %) (wt. %) (wt. %) (wt. %)
Polyethylene PE 760 55.8 424 18C
Polypropylene PP 740 49.6 48.8 16C
Polystyrene PS 580 9.9 24.6 0.6 64.9 Styrene
Mixture PE/PP/PS 750 52.0 46.6 14
Polyester 768 50.8 40.0 7.1 2.1 HO
Polyurethane 760 379 56.3 0.5 5.0 Hy0;
0.3 HCN
Polyamide PA-G 760 39.2 56.8 0.6 34 HCN
Polycarbonate 710 26.5 46.4 24.6 2.5 H,0
Poly(methyl methacrylate) 450 1.25 14 0.15C 97.2 MMA
Poly(vinyl chloride) 740 6.8 281 88 56.3 HCL
Poly(tetrafluoro-ethylene) 760 89.3 104 0.3
Medical syringes 720 56.3 364 58 1.5 Steel
Plastic from household waste separation 787 43.6 26.4 25.4 4.6 HO
Plastic from car-shredding 733 299 26.7 276 14.0 Metals,
1.8 H,0
EPDM-Rubber 700 323 19.2 475 1.0 H,0
SB-Rubber 740 25.1 319 42.8 0.2 H,S
Scrap tires 700 224 27.1 39.0 11.5 Steel
Lignin 500 34 299 ‘» 493 174 H0
Cellulose(Wood) 700 47.1 230 186C 113 H0
Sewage Sludge 600 343 27.7 33.2 4.8 HO
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B 4. Catalyst for Pyrolysis of Waste Polyolefine

Catalyst |Brand Name Type
AlLO3 Alumina for Chromatography
SiO, SiOoF4 Silica gel
ZHY LZ-Y82S H-Y Zeolite(alkali oxide 0.2%)
ZREY K500 Rare Earths-Y Zeolite(Re;0; 10.7%)
SAHA Silica Alumina(ALOs 24.2%)
SALA | iSilica Alumina(ALO; 13.2%)

H S. Pyrolysis of Waste Polystyrene(Jk#5:8 [ RSB M)

Process Condition
Raw Material waste polystyrene, air B
Feeding screw feeder
Temperature 450C
Capacity 30 kg/hr
Size 50 ¢ cm
Gas Product 42wt % T
N2 684
0, 1.0
CO, 229
CH, 20
styrene 5.1
Oil Product 798 wt %
styrene 62.5
dimer 9.4
trimer 205
others 76
Specific gravity 0.95
Heat of combustion 9510 kcal/kg
Miscillaneous moisture |
16.0
) | sludge
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