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ABSTRACT : Depending on the states of polyurethane scraps generated in the production sites of polyurethane or recycling
center of polyurethane scraps, appropriate recycling technologies can be employed for the recycling of resources. In this
study, recycling technologies for the polyurethane scraps were classified into physical recycling, chemical recycling, and

energy recycling and reports in the literatures were discussed.
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Table 1. Trends for the application of polyurethanes wordwide
unit: thousand tons

Application| 2000 2002 2004 Perc(f/z‘)tage
ggg‘;i?gre’ 2,450 2,745 3,075 29
Automotives 1,270 1,420 1,590 15
Building 1,355 1,515 1,695 16
Insulation 845 945 1,060 10
Shoes 365 410 455 4
Others 2,175 2,435 2,725 26

Sum 8,460 9,470 10,610 100
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Table 2. Domestic production of PUs and generation of PU scraps

Products Production in 2006 Applications Generation of scraps in
(Kton/yr) 2010(Kton/yr)
Flexible PU Foam 100 Bed, furniture, shoes, automotives 15,000
Rigid PU Foam 170 Refrigerator, ship, sandwich pannel, container 30,000
Non foam 390 Fiber, coating, adhesive, sealant, TPU 5,000
g A 660 50,000
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Figure 1. Process for the rebonded foam from flexible PU foam
scraps (a) and a photograph of the rebonded foam (b).
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Table 3. Effects of particle size of flexible PU foam scraps on the properties of flexible PU slab foams’

Material Formulation

Polyol (Voranol 3322%) 100 90 90 80 80
125 um PU powder 0 10 20

75 pm PU powder 0 10 20
Water(total) 4.0 4.0 4.0 4.0 4.0
Amine catalysts 0.16 0.16 0.16 0.16 0.16
Silicone surfactant 1.0 1.0 1.0 1.0 1.0
Stannous octoate 0.20 0.20 0.20 0.20 0.20
TDI-80 Index 110 110 110 110 110

Foam Properties

Density (kg/m’) 24.4 23.5 22.9 223 23.7
Hardness, 40% IFD 153 134 125 115 105
Guide factor(IFD 40%/density) 6.3 5.7 5.5 5.1 4.4
SAG factor(IFD 65/25) 24 2.5 2.5 2.7 2.7
Hardness(40%CFD) 3.8 3.0 3.0 2.8 2.5
Air Flow 43 4.6 4.5 4.1 4.5
Elongation(%) 173 143 173 144 179
Tensile strength(kPa) 110 94 118 98 107
Tear strength(N/m) 368 344 427 313 329
75% Compression set(%) 3.5 3.1 3.1 4.7 3.9

*Hydroxyl value of Voranol 3022: 46~49 mg KOH/g

Table 4. Mechanical properties of thermoformed window trim prepared from PU scrap for inner liner of automotives’

Product weight (g) 148.5 154.0 190.0
Tensile strength (MPa) 4.8+0.3 6.5£1.0 11.0+0.4
Elongation (%) 5.6+0.5 5.4+0.8 7.4+0.6
Young's modulus (MPa) 203+23 286+40 345+46
Flexural strength (MPa) 8.8+1.0 9.6+1.2 16.5£2.0
Flexural modulus (MPa) 248+35 281+£25 524+41

%tk PU scrap #2e] =177} &

e gtoy 7 9 Jdd A=
]

o} 183l PU & 23 %o] a8 (hi

9} AWk A4 PU &

Ql

R

270 3 Qe ©]23t PU
ol F-ABE 10~15% A7}
a7 Qlt} Table 3= PU

207 Ve
resilent) PU %
7kl 25%

[e)
B

e

=
) AFEES 20% A= R AH AT} o]5 PU
& AMgEhd 7P Hd 6%t A 7Hs

1.3 PU & A33¥2

I
A 9 94 pU Fo] @AY E 548k vy
E A7 &2 Y] EAES 11-2(160~220 T)A &
E o= 725 AYES A

z
& 4 9= Aow dEA Uk’ o]t |
Z7AAM RO F PU ¥ scrap?] Ew-dllE B3 F-54
S 7= vl 9gks: s WellEo] AAE Y] wiEel A
o7 B 4 9lth Table 40= A5t W) U Zo
HRIE & 7184 ¢kal a12of|A 4493 =



Recycling of Polyurethane Scraps 107

)
0,
e
ol
i)
N
)
o
E
)

=3
A B-35-2 A(sound insulation)
=& A}l 7]ofsith

itlal

I PU scrap powder I

|
I Mixing I
|

I Addition of sand I

|
I Mixing I

I Addition of water I

| Mixing and application I

Figure 2. Application of PU scrap powder for light weight mortar.
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Scheme 6.1

Figure 3. Depolymerization reactions during glycolyses of polyurethanes.
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Table S. Characteristics of rigid PU foam scraps after glycolyses with diethylene glycol

Sample Al A2 Bl B2 Cl D1 D2
Foam/DEG Ratio 2.0 2.0 2.0 2.0 2.0 1.5 2.0
Reaction temp.(C) 190 230 200 230 230 160 230
Reaction time(hr) 11.0 2.0 11.0 2.0 2.5 6.0 1.5
Amine value(mgKOH/g) 96.9 109 83.4 107.0 115.0 85.9 174.0
OH value(mgKOH/g) 503 509 421 420 454 513 750
Viscosity(Pa - s, 507C) 13 7 140 111 24 84 10

Table 6. Effects of glycols on the depolymerization of rigid PU foams®

Glycols Ethylene glycol Diethylene glycol Triethylene glycol Tetracthylene glycol
Reaction temp.(C) 190 190 220 190 220 190 220
Reaction time(hr) 11 11 5 13 4 14 3
Amine value(mgKOH/g) 135.5 92.0 101.6 84.9 91.2 82.9 85.8
OH value(mgKOH/g) 721.7 508.8 534.4 432.5 448.1 352.0 413.6
Viscosity(Pa - s, 50C) 11 82 27 162 52 241 65
(&) diethylene glycol
(b)
PU foam granulate
diethylene
glycol
for washing
200°C
(©) top layer 50% l —p> flexible foam polyol
bﬁt;g;“ 50% L rigid foam polyol
o T !
40'00 35'00 30'00 26100 ao'oo asloo soloo cn! propylene *
Wavenumber (cm'l) ol DEG
solids recycle

Figure 4. DFT-IR spectra of EG/MEA (a), depolymerizates of
PU foams (b), PU foams (c).

Figure 5. GPC chromatogram of polyurethane after depolymeriza-
tion at 190°C for 11 hours: MMn=100; @Mn=165; @Mn=300;
@Mn=500; GMn=800; ®Mn=5000."

Figure 6. Phase separation of glycolysis products of flexible PU
foams.”
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Table 7. Comparison of a virgin polyol and the recycled polyol5

Property Virgin polyol |Recycled polyol
OH value(mgKOH/g) 26-30 27
Viscosity(mPa - s, 257C) 1100-1300 1260
Water content(%) <0.10 0.04
DEG (%) - 0.13
Unsaturation value (meq/g) <0/08 0.01
Acid value <0.08 0.06
24" + 44 MDA - <20
Cloud point(C)o 64-66 56.4
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CONHR”--
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(Allophanate)

~RNCONHR’-- + H,NC,H,NHC,H,NH,
CONHR”--

(Biuret)

e Zeluol Alx 9 olFA] £49 AR o]8H
2~ 9})\ .6

2.3 PU £29| 71520l

H
ARSI Bk olakslek v AR BAshs Aol =L
diiA o R beEETE =1 S4E Bt o] 5 kR
HES-2 tHe9) Figure 89 o] R = Qlek dojxl 7k
3 e WA PU F9 Alxel A7fsko] AR = gl
Table 8o 218 o5 vehiolet’

-Ry-NH-C-O-R,- + H0 -R3-NH, + HO-R¢- + CO,
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3 -R3NH; + 3CO,

Figure 8. Hydrolysis reactions of polyurethane.

— RNHCONHC,H,NHC,H,NH, + --R’OH

— - RNHCONHC,H,NHC,HNH, + --R’NH,
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Figure 7. Aminolyses reactions of polyurethane with diethylene triamine.
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Table 8. Properties of flexible PU foam for the bed pipared from
polyol containing 60wt% of recycled polyol5

Property ;f(ﬁfiﬁ 60%p(I){1;c(:))1/cled
Density(kg/m’) 30.5 315
Resilence(%) 50 53
Hysteresis(%) 355 27.6
Tear strength(N/m) 161 136
Tensile strength(kPa) 97 97
Elongation(%) 131 132
Compression set(dry, %) 7.1 55
Compression set(humid, %) 15.3 9.7

Table 9. Properties of polyurethane foam prepared from polyol
containing Swt% of recycled polyol via hydmlysis7

Property Control Siooizlcytl{ae (iie pvcii;}i)l
Density(kg/m’) 41.6 42.6
Tensile strength(KPa) 160 165
Tear strength(KPa) 405 382
Elongation(%) 160 167
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