RPU Recycling Technology
Introduction
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Cotton/spandex Nylon/spandex Nylon/PU fabric Nylon/PU tight

| Material Separation

* Inexpensive organic solvent is utilized to adjust the
solubility of the polymers in textile blends, mixed
plastic wastes

 PU and nylon are completely dissolved in the liquid
solution, while polyester remains as a solid

* Pure nylon granules are obtained by recrystallization

Polyester/PU TPU/nylon Waste fishing net PU/polyester

footwear fabric footwear Car seat cover
| Depolymerization
W
» Catalytic depolymerization of separated polymer Lf,

(PU) at a low-T (150°C) 4(\
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Low-cost catalysts
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High purity monomer and building blocks products k i
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Short reaction time (1~3 h) PU mat PU car seat PU thermal
cushion insulator
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How does it work
Plastic Wastes Products
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Key features of our technology

Solvent
< Reactor

Recovery Rate

95%

Inexpensive Treatment Time

Green Solven (30 min)

Textile wastes & < 1I50°C ‘
(Fovy-)
Cat. =>> Tatm

Feasible to get GRS certificate
Solvent ——.g

99. 90 110  ALL .50 }i

CAPEX Feedstock flexibility GHGs Reduction

Recovered solvent

(Purity 99%) 4

Purity Recovery rate
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Our technology vs. traditional recycling approaches

High High
Physical recycling
_ Large _ ‘
Pyrolysis High High High
@ Ourtechnology
P2J| RPU Co.,Ltd.
Simple
Medium
Low Low
Complex Large
Complex
Temp. Material Separation  Process simplicity l\j\; Ztge; Env:;rcl)ggz:(tantal Eé:gggfri?slc
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Our pilot plant (1500L reactor)

Solventrecycling

Used )
solvent
Solvent

—>»| recovery
unit

Recovered
solvent

Filter cake
(for washing)

\ 2 Residue

Used
washing
solvent

Recovered
washing
solvent

Feedstock
_ S
« Capacity: 200kg/batch Reactor AN
\ Washed
e 3~4 batch/d ay Filter cake
_ —__/
« Highly recoverable, reusable
Solvent

dissolution solvent and washing
solvent
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Material separation technology

| Separation of Nylon/Spandex

Nylon/Spandex Fabric Dissolution Recrystallization

Recovered
Nylon 6
TFA-d CD,Cl, p t sqr
O ' e
H q = Recovered
Spandex . cD,Cl,
p r t n cd e L

lon/Spandex
Structure of nylon 6 :x;nd ¢ —_— l v l l
2l 2

Chemical shift (ppm)
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High purity polymer material from complicated blends

Textile after material
separation and
depolymerization

Composition of original _ Textile after material
Original blends :
blends separation

Polyester 60%,
Cotton 35%,
Spandex 5%

Polyester 49%,
Tencel 44%,
PU 7%

Polyester 54%,
Nylon 38%,
PU 8%
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How to contact RJJreuco. Lt

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

™ Email : rpu@rpu.co.kr

10
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APPENDIX
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Analysis Reference (Textiles)

Cotton 95%, Spandex 5%
FT-IR analysis before separation

Extraction conditions

1. Material specifications : Cotton 95% / Spandex 5%
2. Sample amount : 20g

3. Temperature : 150°C

4. Time : 20min

5. Recovery rate : 99.5%

Transmittance (a.u.)

|
Cotton Peak <~ :1 [
]

Before separation

Transmittance (a.u.)

)\ﬁ/—"""—\v/\\w /‘
| A

cotton
pesks. %

NN
|

'L/ 4

w0 30 3000
Recovered cotton 18.9g

250 2000 1500 1000 500
Wavelength (cm)

After separation, It shows only cotton peaks

Extraction conditions
0, 0, 1. Material specifications : Cotton 54% / Polyester 46%
Cotton 54%, Polyester 46% e
FT-IR analysis before separation 3 Tempeauei1s0c
4. Time : 20min
5. Recovery rate : 100%

Furry -

Smooth

Transmittance (a.u.)

Cotton 54%, !
Polyester 46% 4000 3500 3000

Smooth side shows cotton peaks, Furry side shows polyester peaks

drying

Recovered cotton, 10.8g
L ey
Polyester + Solvent
/3
in solvent

FT-IR analysis after separation

Transmittance (a.u.)
|
)
|
)

400 3%0 300 2500 2000 1500 1000 500

Recovered cotton, 10.8g Wavelength (cm)

After separation, It shows only cotton peaks

Polyester fabric
depolymerization

Polyester 100%
fabric

BHET before
crystallization

I Fishing net
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Reaction conditions

1. Material specifications : Polyester 100%
2. Sample amount : 50g

3 Temperature * 160°C

4.Time:3hr

5. Recovery rate - 82.50%

Depolymerization

Extraction conditions

1. Material specifications : Nylon 100%
2. Sample amount : 10g

3. Temperature : 150°C

4.Time : 20min

5. Recovery rate 1 99.0%
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| Separation of Nylon from Nylon/Spandex fabric

H-NMR spectra of original and recovered material

C
f o o
M H/\/\/\ONb NT O
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Nylon 6 Spandex

9
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Recovered nylon J\

\_ J
Nylon-PU Dissolution Recovered Nylon

o o )L L]

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

Chemical shift (ppm)
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Material separation technology

| Separation of Nylon/Spandex socks material

Nylon/Spandex Material
Separation

. J
Recovered nylon
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ATR-IR spectra of original & recovered fabric

Original

Transmittance (%)

Recovered nylon

1736, 1713 l/
v(C=0)

urethane
3300

v(N-H)
| T~ 2860
2932 v(CH), symm. 1636
v(CH,), asymm. v(Amide 1) V(Alr:i‘:jle N \
e
T T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavelength (cm™)
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| Separation of Nylon from PU-coated Nylon fabric

ATR-IR spectra of original and recovered material

Recovered nylon

Original (back side)
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v(C-N)
\_ Y, \_ Y, Original (front side) it o BN VC00)
PU-coated Nylon Dissolution Recrystallization Recovered Nylon
& \ N 2es1
o pe . ‘ 2931 v(CHy), symm.
Purification 3202 y(CH,), asymm.
v(N-H) \
\ 1533
1631  V(Amide Il

v(Amide I)
I v I v I v I v I v I v I

4000 3500 3000 2500 2000 1500 1000 500
Wavelength (cm)
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| Separation of Nylon from PU-coated Nylon fabric

ATR-IR spectra of original and recovered material

Recovered nylon

4 N N\ N\ A U

Original (back side)
9
@
|9}
c
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=
.. =
Al oeeots : S
\§ y, : ) <
izati = Original (front side) v(C=0) 8(N-H) 1080
Nylon-PU Dissolution Recrystallization Recovered Nylon urethane v(C-0-C)
&
Purification

o925 V(CH), symm.

v(N-H) V(CHp), asymm. 1634 1533
v(Amide 1) v(Amide II)

! | ! | ! | ! | ! | ! | ! |
4000 3500 3000 2500 2000 1500 1000 500

Wavelength (cm1)
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| Separation of Nylon from Nylon-PU fabric

ATR-IR spectra of original and recovered material

Recovered nylon

4 ) ) 4 R
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1 1
& 2853 A\
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v(Amide Il)

4000 3500 3000 2500 2000 1500 1000 500

Wavelength (cm-?)
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| Separation of Cotton from Cotton/Spandex fabric

N

N

J
Spandex Solvent
dissolution separation,
purification
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Recovered
cotton

ATR-IR spectra of cotton/spandex blend before & after treatment

Transmittance (a.u.)

after

before

4000

3500

3000

2500 2000 1500
Wavelength (cm?)

1000

500

Transmittance (a.u.)

Extracted
spandex

Recovered solvent
(purity >95%)

ATR-IR spectrum of recovered spandex

1731 1707
v(C=0)
urethane 1(3;1,]\]
2852 1533 CN
V(CH), symm. 8(N-H) + v(C-N)

2939
v(CH,), asymm.

1100
v(C-0-C)
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Wavelength (cm1)
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| Separation of TPU from TPU/Nylon

ATR-IR spectra of recovered materials

Recovered TPU

v(N-H)

2851
v(CHy), symm.

2921
v(CH,), asymm.

i ] 2

~
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Transmittance (a.u)
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TPU TPU Recovered Recovered
. : H 2860
laminated d|§soIqUon, TPU Nylon w(CHY, symm.
w. nylon filtration, 8294 2931

A . (N-H) v(CH,), asymm.
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Wavelength (cm-1)
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| Separation of Polyester/PU sandwich fabric

\ J \ 4 \ J
Polyester/PU Material Recovered
Separation Polyester
ATR-IR spectra of recovered polyester
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ATR-IR spectra of original fabric

TN
(3) Polyester W
(2) PU foam ‘
—~ 3322 —
] V(N-H) ‘ N 2852 1731 17!)7 |
S 2939 V(CH,), symm.
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| Separation of Polyester/PU synthetic leather

[

) 4 ) 4 N

\ J \ _/ \ 4
Polyester/PU Material Recovered
Separation Polyester
ATR-IR spectra of recovered polyester
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ATR-IR spectra of original fabric

Back side
N~
1711
. Vv(C=0) ester 1241, 1092
Front side v(C-0) ester
721
8 (C-H) aromatic
3339
v(N-H) 2862
amine v(CHy), symm.
2936
v(CH,), asymm.
| v
1738 1010, 1066
v(C=0) v(C-0O-C)
urethane
|
1242, v(C-0-C)
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4000 3500 3000 2500 1500 1000

Wavelength (cm™)
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| Separation of Polyester/Spandex Fabric 1H-NMR spectra of original & recovered fabric

Recovered
polyester JL J
L
\ J .
Po|ye5ter/spandex Material Recovered
Separation Polyester
b
o a a o
”O” b
HOC,H,0——C C——O0C,H,0—1—H
a a n
PET (polyester) Polyester/ f .
Spandex )L cd | JL Lel j )

W \)\g/\c{/ku = d u)koé\g/g\f/% 10 9 8 7 6 5 4 3 > 1

Spandex Chemical shift (ppm)
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