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'} Our technology vs. conventional recycling approaches

Reaction temperature

Reaction Pressure

Product quality

Production facilities
Phase separation

Product usability

Conventional recycling

HIghAR2201€ ~250T)

High pressure

Large amount of by-products
(impurities)

Complex
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RPU recycling technology
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Atmospheric pressure
High purity

Simple
2-phase system
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.} Our technology vs. traditional recycling approaches RJreuco.tu.

Physical recycling Pyrolysis . Our technology PQJIRPU Co.,Ltd.
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Polyurethane recycling technology RYreuce.e

Depolymerization T.,=150°C, t,,=3h

Flexible PU foam Depolymerization Phase Separation Purification r-Polyol (REPUPOL)
Characterization of REPUPOL TH-NMR spectrum of REPUPOL ATR-IR spectrum of REPUPOL
Recovery rate (%) 70 Polyol Polyol =
Specific density 1.046 g Som 33?3) J868 1626
. . © 3MING 470 VICH,), symm. VINH) 1575
Viscosity at 25°C 2,058 = V(CH).asymm. aMING(N-H)
E v(C-N)
OH number (mg KOH/g) 169.3 'y ) \ ¢
|: 1089
Amin value (mg KOH/qg) 75.3 , , , , —HCOoQ) ,
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 4000 3500 3000 2500 2000 1500 1000 500
Acid value (mg KOH/g) 0.06

Chemical shift (ppm) Wavelength (cm™7)



) - RPU Analysis System

CAY
R

ap

Quantitative
Analysis

Qualitative
Analysis

Color

Viscosity

OH value

Acid value

Amine value

GPC

NMR

Gardner

cps, IKA Viscometer

ASTM D4274

ASTM D4662

DOTD TR 519-92

GPC

ATR-IR

TH-NMR
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) - Polyurethane recycling technology RYrruco 1

i i F |lati
Foaming test using recycled polyol _ rormuiation

Tested with previous foaming ratio

2 Polyol 90g + Repupol1 10g + Catalyst & Surfactant 11g

3 System polyol(Polyol+Catalyst & Surfactant) 90g + Repupol1 10g
4 Polyol 85g + Repupol1 15g + Catalyst & Surfactant 11g
5 Polyol 80g + Repupol1 20g + Catalyst & Surfactant 11g
Gel time(s) 41 20 25 20 59 28 ) 13 - 6 Previous System polyol ratio + Additional virgin Polyol 5g
7 Mixed Polyol 100g + Additional Catalyst 0.05g
Tack free
el 146 46 62 46 62 85 79 48
8 Mixed Polyol 90g + Additional Catalyst 0.05g
» System polyol : Repupol1 =80:20
et s e\ T S O S A b T 30 : Mixed Polyol 105g + Additional Catalyst 0.05
timel(s) 9 Y g yst ©59

» System polyol : Repupol1 =80:20
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) - Polyurethane recycling technology R o e

Foaming test based on recycled polyol content

Recycled polyol Gell Time Tack FreeTime  Rising Time Rising Length =~ Foam weight Density
content (s) (s) (s) (cm) () (kg/m3)

65 120 90 127 4894 4823
2(10%) 58 135 76 11.8 4821 4838

3(15%) o 103 83 12.0 49.06 SH2E
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w— RPU Lab-scale reaction system RYreuco.ua

20L Scale
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) - Our pilot plant (1500L reactor)

Highly recoverable,
reusable solvent

Capacity 2 batch/
150kg/batch day

—

Solvent
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@ Solvent recycling

Recovered
solvent

Recovered
solvent

Phase separation,
Purification
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How to contact R reu co. Lt

Homepage Sample request
&3 YouTube : RPU Chemical
@ Homepage : www.rpu.co.kr

™ Email : rpu@rpu.co.kr
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APPENDIX
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) - Polyurethane recycling technology R rruco 1

Depolymerization of Rigid Polyurethane

Rigid PU foam Crushing Depolymerization Purification REPU-POL R1
Characterization of REPUPOL R1 TH-NMR spectrum of REPUPOL ATR-IR spectrum of REPUPOL
Recovery rate (%) 87 —

5
Specific density ‘g
O
Viscosity at 70°C 20,000~30,000 §
=
OH number (mg KOH/g) 403.2 ) Polyol 2
Amin value (mg KOH/g) 207.9 e i i aane are
75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00

4000 3500 3000 2500 2000 1500 1000 500

i 0.59
Acid value (mg KOH/g) Chemical shift (ppm) Wavelength (cm™)
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) - Polyurethane recycling technology R rruco 1

Depolymerization of Flexible Polyurethane - Mat

Flexible PU MAT Crushing Depolymerization Purification REPU-POL F3
Characterization of REPUPOL R3 TH-NMR spectrum of REPUPOL ATR-IR spectrum of REPUPOL
Recovery rate (%) 94.8 % .

. . S - & A
Specific density 1.074 e} 9 s 3360 | onen
o C VIN-H) v(CH2),symm. 1626
X . o S amine 2970 v(N-H)
Viscosity at 25°C 6,215 > b= vICHy), amine |
8_ E asymm. 1515
n 5(N-H)
OH number (mg KOH/g) 3212 J| | | = e
= |
Amin value (mg KOH/g) 150.5 V(E:?g?lo

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 4000 35Ioo 3oloo 25Ioo 2OIOO 'ISIOO 1000 560
Acid value (mg KOH/q) -

Chemical shift (ppm) Wavelength (cm™7)
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) - Polyurethane recycling technology RUreu oo

Depolymerization of Flexible Polyurethane — Automotive seat cushion

Flexible PU Automotive

A Crushing Depolymerization Phase Separation Purification REPU-POL F1
seat cushion
Sample Analysis Data TH-NMR spectrum of REPUPOL B ATR-IR spectrum of REPUPOL
[e]
)
Recovery rate (%) 54.8 8 -
g 3446 3364
Specific density - S © © Vo v
> o 2868 amine
8_ o % OO V(CH,), symm.
Viscosity at 25°C 1,674 5 Is] e V(CH,),asymm.
> o g
OH number (mg KOH/g) 169.7 g8 < 5’& Ho L 2
> = s . =
Amin value (mg KOH/g) 74.9 5 'J—J' . . . L&“‘J‘ . l . I‘ . - . . . . . . vtgizgf» .
. 75 70 65 60 55 50 45 40 35 30 25 20 15 10 4000 3500 3000 2500 2000 1500 1000 500
Acid value (mg KOH/g) 0.9 Chemical shift (ppm) Wavelength (cm™)
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.} Polyurethane recycling technology

Depolymerization of Spandex T, =150, t,,=2h

Transmittance (a.u.)

r-PTMEG (cat. 2

3454 3359
voH) VIN-H)
amine

PTMEG (Aldrich)

)
\,\/’f 1628 4599
VIN-H)
aaaaa
r- PTMEG (cat. 1)

~—

3475
v(OH)

2939

v(CH,),asymm.  v(CH,),symm.

2860

1100v(C-O-C)

4000 3500 3000 2500 2000 1500 1000 500

Wavelength (cm™)

ATR-IR spectra of PTMEG
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TDU RPU Co.,Ltd.

/C PTMEG rich phase )

o~

<

-
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a\ e W

r-PTMEG (cat. 2)

b

B

r-PTMEG (cat. 1) i

PTMEG (Aldrich) 1

8

7 6 5 4 3 2
Chemical shift (ppm)
TH-NMR spectra of PTMEG
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