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3.1 ZVya—-pigE
(17 o0& XDHFE
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7V a—=IBILED O LY VSRV TGRSR T A ENTEE 4, 2h
SDEFEAMOPTIFERIGE LT, X, BET ot RITBT 280 LORFTEICE
WTHROMENB HEE LT a— VA HT 2 HikMbd D, ThiE7Y) 3—05
fREEEEVET, 2-10mic F v M hichlR Y Y L 7 v ERIHFRICEALE T,
SMRERELTIF L7 a—)b, filEE UT/NEDOTIVA /=T Iy ERMU,S
FI2000CTMB L 9, 1 ~2WFEIMBAST 2 LR T L& ik b U, 7Kk 2 M 400 -
600mg KOH, gD R Y 4+ —IVIREGWHEohE T, 7 3= IV HMOBERI FLIZRL
ThHEd, '
gV a— L5y iR
RUDLEF Y + 2FLyZYVa—i — 7FY)al v AR
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200°C
o3 R P I )
OHAIf 470mg KOH, /g
Fh 1940 mPa.s
2 BFEMORE
W=, HE, BEER. BEO LY T+ —LF
3.2 T7TIyvaEgE
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M F v AMbshtizRYV Ly v E2TAH ) —NT Iy (PIAEE/ 25—
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ELyAdF44 FRUZF L AFHA RO T 4 — F&RICE 0 HEEREE o KERILN I
EbOETh, B63BEUO 7oL AFHAS FEMMES LEESOR)A—ILO
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=

M- 1R dRIcEE YLy v 7+ —LOE, BIFRYA =, TIVA /-7 I VR
Ol A # A L, 130-170°C TR L Tk s 4, CoEZ 2HY L
YT A —LDOBRAH X LZIR— 21T EBY, DA NVEMETILVSY VT 4 —
LBORIBIKBEA GG T I ) EE2GEB0ERMAEELCE T, —MAICHEE
LY YT — LD HBIES FREOR ) A —Ih oD it T 5 — LDER.
SRIIEEERREEE D ET, COBRSTHONHHKRIE, - 1ICRTEEDK
EOMWRRURARICBNTHEAE L TWET, JOMEEMIRTZ/0HIZ. 20K
AIREBLTEYARO B #E, T Loyt F A FEMNINES S KR O 3%
EITOET, £0O%, pHEAEBEAZITO, HBA L & HICERET- 08, #EnLBh T,
HTALER TR, LR, RUELER) A —ollEE—do 7ot 23K~ 3 ITHE &
hTWhWaEEhTY,

-1 BERUA—IEETO—F¢r— b

T4 — LD ER
* o — U 20088
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H—2 BEILY YT +—LORXRAH=XA

OCONHRNHCOOR’O-+2R” (OH)
———— HOR”OCONHRNHCOOR”OH +R'(OH).,

R—1 TIHNUHYATIBERY F—I

IHH RS POMINAR U A —Jb
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AivudgA4a o170
BIALIETRE (R 5w THIE)
BEE)-100kg,/ DI LY v T+ — LAY T v 7TORME TR E LT, TEEP
BOBEETONET, 20K, BRI ALTILY VEkE L, RITTV VS
UINVAAEEEE T L 2B X b, BEEAHI20mTEA»#35mo HEBER T o v 7
cEzAAZET, 2O T oy 7 BEEIIH450-500ke,/ mIZ7E B Z CTHEMSINE T,
xvajmk;ﬁﬁ&Uﬁému#—wmiL
AIRE#EZ 7 5 v 70y 7 &b BEOIRNIK Y 4+ — VRO E LTT IV
H)—=IVTIVvETIUAYEBRAERIGEIC—FHRTHEAL, B— 1IZRENSEE
IZ150°CHi#: TR L. BaoEEk (mLR Y m—F R A=) £215%7,
AR I12#990% T4, CORIGED) A — LA i@ L%, eI LT, 7t
Uyt dF44 RE#H MM T—ERMIMUL ¥, RICHBEERIZTHR L. #3510
BeRs A Tk, BEBEBTHAERY A —VEBEd, CoICLTHEINR
U A — VDA —fil 23 — 11T, LFSRIEO Ttk 27 0—F +— M —
AlIzmRENTOEDT, 2 OHRFOERERESI3#400ton, E T,

-4 9LV RISyTRESBRRUBETO—

N o

—
B
\/ WY BE

Tr—=h FYa-=l

Yo

(3) BHERYF—ILOERMERE

E—QIIEERVA—NVENHOT I VvRRU Y a—Fu—ZXFRNN—Y R —
AR LT, flide, Bl
nTWEd, COFVIv /7 AV VK EY T =
ZWAFT VAV YT R — bERESHEL, 7V —RELCBOSEMEER L TH
94, FERY A —VORGHERRICHN L (Nod), N—=Y KU A —=IIZTO
M (Nol) &7 5—L¥tk EREBEOHNFHIH D 7,

708 % TIRA L, RIKIZ
v R USROS DR X

HEWRAI, FETUAIE T L

xz—2 EE$U#—wEmE S LY T o — A@ﬁﬁ

Iﬁﬁ\kﬁ :No.} | I\:l:o._2:__ i/ No3 No.4
BERUA—IL 0 30 50 70
RUF—IA (FEVHR) 50 35 25 :
(OHV =450, f=4) :
Ry$—jg 50 35 25 30
(a—%9%0—ZXF%)
@Hv m0f5>
73 R 15 1.5 1.5 1.5
Sya— /gﬂm 1 1 1 1
Eﬁﬁ*ﬁl - 10 10 10 10
Raw . 38 35 33 33
4y/?z~b4/7J7z-f: 110 110 110 110
bu—AywAtf-* 15 15 17 29
. NS AL . 43 A7 52 61
. b0 &4LK @ | 48 51 58 70
Sqxss4. . | 5 56 65 80
Ja—LgE 0000
Js—bLEE  (e/nd) | 273 28.1 28.0 30.0
EfEERS :--.__-.'(MPa) 0.25 0.25 0.23 0.19
. Boimia® (8 96 96 94 90
ﬁm-r&%{t@ (%) 0.8 0.8 04 0.9
. MM 0.020 0.020 0.021 0.021 |
?_ i‘*"“l‘
f?x*ﬁrﬁ 30 30 30 30
rvw—A%F 32.2 32.8 32.5 35.4
- EEmE 0.20 0.21 0.19 0.24
. BlRYBE - (MPa) 0.18 0.18 0.17 0.10
;-(Eﬂﬁﬁﬁ) .
j}ﬁmﬁﬁﬁk$(4>;*~-q- 0.1 0.1 0.2 -1.0
REEE (wmk) 00230 | 00230 | 0.0243 | 0.0271
710 2
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BIEL&R— 2 ISR LG Z 0T, ¥ 7va o R 7RGk S 3 5 — b Rragic T, EHE— 2 (B—TEauEgEXSH)

RNVIF VUV T4 NLTIR— 757 MEEETEMELIZA—F (V75 K- '

F) 20 L3, £ 2 1R THRICIES A0 £ TRRESMEE R UM s tkaRic & BEYVYYI+—LDTIANITAIIN (9 2FLTEYVR)
RS, TAICHHTEZ T, LYV Y AT LORBELRUERAARICE > Tk '

FAERY A — W ETAERLERAY 27 AR ZZ THE D, SR O 2 1. 7O0tXDHE

B 5 fEic ) a—E TR ) =T I v OKBEO—EETNA Y ERE
TTNalL— MELEbOAEFRERBIMC WS, FBIh o EKEBIET IVAY
EMELEZE0EH T, 90-180COBEETY VY v 7 +—LAEFHLE T, Bonlk
SMBIEIC T IV EL VA F YA FEMMES LA THEELT, 7AA ) KaGEREL A
YLy VERAZRINT 2 5DTY, 7o XOMEEK -6 I1TRLE L,

T,

(4) BE3X b
Tx—LR7 Ty THPIV—FEHETDEZXOEHNATXTEH T, HERY A —
WEN=D RV A= )LD20-30% M L OMRER D E T, 4%, X7 5 v T,

HETo 20 HEME, WROELZ L[ EFICL->T, IR MY O4Hiz+4
SEUE R K-5 BAERUF—IEETIO—F¢—F

T+ —LDGHR

* 74— A 1200kg

* 7J)halb— b 40kg
(ZFL Y 3-/NaOH)

* 4y R fh g 420kg

* D IRIRE 180-200°C
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-6 DLy RI9S59THBEZ7oEX

YL VRIS YT s EYBRE " *ﬂ*ﬁﬁJ

h 4

st [ pooitn | meoss L Zazhean |

r— ZJa—JL+KOH

ZILAUER

A4

Bk - iR " BERUF—I

2. SiANVIYHA7)T7OR

(1) pIiETIE (R 5 v T0IE)

R TR E LT, TRECXEE. RYVZF Lo EoRMERE LR, B
IZRALTY LY Uik E L, (LESRTE~B I X T,

(2) RIS 9 TDIERBRUBERY F—ILOELE
K—1iZmlicEBh, Ry T Tr—4L, TFL 7Y a—OTIIL—}
ZRUOSZITEA L180-2000C TR L £ 9, MBIIZ/KT/KIEL., BB A58
LEd, UV UBBTHRUAEE, KERILA Y W AEFRIM U, S5 E XN 5 KBS
mohsxTTuFLoAFHA FEMML, B3 WRENIHERV A -V E

BMELET,
®—3 BAEARUF—ILORIEE
ALY - R-500 R-450
IKERFAE (g KOH,“g) 49020 455+15
7K43 (%) max 0.1 0.1
FEEE (mPa.s,” 25°C) 23,000+5,000 14,000£4,000
pH 10.041.0 10.0%=1.0
1, 2#7 3 “ffitng KOH, g)max 20 20
ax | e e 1 11

PR A B A

3) BERUF—IEREEI LY VT x—LDYHE
ZORRIZLTHESN ARV Z—=F ARV A —VEHCTHEHEYI LY v T+ — L%
T L E, E—AITRTHEESYHEOEE YL Y v 7+ —LEBAZ ENTEE T,

X—4 BERUF—IERBEZEILY V7T + —LOYHER

Vi Vil Vi

B B  VIEr—LOPOMME 100 50 0
2 (TR0

& | 3 | SREPOMME | 0 50 100 |
% | = YU3—vE 1.0 1.0 1.0
B | g | PUTFLIYTIY 0.5 0.5 0.5
% NyHOOE/ 70049y (FTH) 45.0 45.0 45.0
B B | y7:o0susduvza-b ETHD 126 120 112
) BE (kg/m3) 28.1 29.8 30.0
; Y | EMERRES A XICFEFT .
5 (MPa) | 012 0.18 0.20
3 - ENRES A XCEE -
e (NP | 006 0.10 0.12
. . _ |

HHIE—3 BMW—5IU=X A 2RJIVA Y BISRIV (4 2I8R) D
FIAWIYLOIV (FY =R RE)

1. 7O0XDEE
BMWDH 5 — ¥ ) —ZD A U iER— TITRTHEIC, BE. 7+— L4, SH. &
T H T b, BEERET X COEALRY) T LY VBIETHRESNTET, 1 /%%
DFEMIIBMWHOEFET A »TF v TLE N, 7 I ANV A4 7V TH~#HIEh %3,
ZDAVREDRAT Ty L34 —Z b 7 DGetznert TILFSB I N0 B, 20D
HIEMEMEEN, Ty b 757 PHOYZAFLRKIZIMTLENES, COFAERY A —
WA UTBMWALE TER O AEFELITONE T, ZORREA VRO I AN YA 7
IVISBMWH TER LI T E T,
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Bl—7 AVARYVILAV MISRIV

Proauction
Insirument Panel

Pebra

Particle Recycling
Parcel Shelf for
New 5 Series BMW

2. HIANUBAZNTOEZR
(1) ‘LRI E2
£ 3D LRRPEEEN., H2WRMERFEA A 23252 F v 7ML, EHEDHICLT
HLEd, Fv 7 Mlido (K—8) OMNEIZROBURICHE-> THHEINE T,

k453 <1 wt%

o F o TH A X : 10-12mm

o JELSE & : 250-300kg
O TADEHE R : 14.5+2wt9%
 ASHO LMD ES : 58 +5wt%
c—RBHDT +—LOEE - 12+5wt%
s R OERKDESR : 30+5wt%
s —EhoORFOEER : 25%
«PURUHNF ZUNOWEOES : 2wt %

15

B-8 “L&YRYSwTRUMEHEY

(2) RSy TDILESBRUBERY F—ILO8E
kv icadhicA w32 DF v FidGetznertt THE S M. ¥ I ANV S A1 7 ILH
DRIEE~ASHLFESBEN T T, (MFEPRO T o 23RO LBV TT, 1L
FOMICERTE SIS PRR - 9IRS T E T,

| RBZEICSYa—LERATS
|

h 4

200-210CICHFiRT B

A

AVNRRDF 5 TEHATS

i
|
|

-

v

200-210°C THFFENE T B

B | BrIvE || sua-iamE

— 16
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X — 9 Getznerft®Z' U a—ILA3RTS5 b 3) FUa—ISRBRYF—NVEFERLIZKRY FTT75 7 FORTE
' FaRoRCHEINIZ ) 3— )V RIEIZBERD IV KA T AET L R L,
E- 6l IN TV ARNIEEHNTHy b7 ¥ 7 bEESNLE T,

-6 RBBFENT

AV TR—F Desmodur. VP. PU. 78 IFO1
RUF—Ib BERUF—IV

HZAO— F 15-20%

RUF—IVRE 65-70°C

AV T7TR—b 40°C

EAY A A 0.8%

IR 2 GAFERALET., 2NFhOREHBICE2H50E— L FBRES N
¥4, 2hEhE'— )b FiZidHenneckett ODMP-typelR &Ny RMARESINE T, ¥
L7 U MENE NEBEERIM BTRME TS 2 1 BoA R o %A TE— IV
K& 72 ©1000[@ OB ASa[4E T, HIEE 7 n—ZXE— L FIEARRXTT, LES
hicky N7 7 PR 10t RENhT0ET, JOEHORY = =PIz >0
TRE-TIZRINTOLE T,

A EhzZ7 ) 2= VRKEIRIZOF T CTREFEICFHTERLDOTA—=Y R B—10 KRy b7 0 b
A— I ERESEIH, E—DLSIIRENI-FHOLDICHESNE T,

xX—5 BEmRUA—ILORE

TR mgKOH /g 310
2R ngKOH g 0.7
K5y % 0.2
REEE mPa.s 2400
HoAEEER % <0.5
44 MDAGE=E % <0.14

— = e




RUDLE Y FU=ZAILAR—}

VOL .4

OLYURETHANES CHEMICAL RECYCLE

xK—7 KRy bIT757 FOYHERV BRI

B Y
BE (kg/m) 1,060£100 1,050
55k YET 25 X (MPa) >>2,000 2,077
515 Y #®E (MPa) >30 37.1
U (%) = 4.17
IR (MPa) - >2,500 2,771

Ty b7 HF 7 MIGENAI LY VEIERCHT T ZAO) Y4 7 VRIZIENEN
9% T23% T,

,_19_

BHHE—4 RIMISNYIN—FEHOSIHNVIYAL 2 (Y a—-IRRE

1.

JOotXDHE

LY RN —DREMEBRREL, 7Y -V RETOE T, SRR EREBH SRS
L. ZOMORIFEEEZFM UL 4, FEMELTKEFERLET, CORICLTHES
hizBYA— Iy ZF LHKICER DT 5 Z by TEMEM E LU TEMLU, RRIM
WIEHOFRICHEL 4,

COFHERYA -V AT LEL Y YT % — M ZRRIMBJEM CTHIFES L. B—111C
RTEEREAERAOR y 7 2SS hE T, R v—HEREE-8ITRIATULE
T, DRy 7 R EET 5 EH930%0REABERINTHE T, KAV TIEI19
QUFEREIZ800 b v 7Y a— A REBEAHEATHE T, TooHEE LT/ Y
IR—BEM DS =D A 7N FI SR TOETHE, IXTOoOmEEMESE S
febiziz, BAEEMMEL, chE EFRHIc) 7514 v FikEDHHBBREE SO, &
bETHB%DOFERNERTFETH S Z EMFEEINTNET,

K—-11 EH&mEARy 72X *x—8 EREHARYIZIZAD
- T RU 7 —¥tE

i}
K

(kg m) 700
vaTEE 65

i (g S (MPa) 1900
55k Y HME (MPa) 35

U (%) 4
HDT C) 120

42189 b=BC (KJ/nf) 3

_20 SO
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Alcoholysis-a Process for Chemically recycling PUR and Mixed Wastes.(Bauer,G.,- Kunstst.
Ger. Plast., 81(4), 15-18,302, 304-305(1991))

Chemical recycling of polyurethanes and separation of the components by supercritical
ammonia. (Lentz, H - Makromol. Chem. Marcomol. Symp 57, 305-310(1992))

Recent Development in the Chemical recycling of Flexible Polyurethanes. (Hooper, J.F.G -
Cell Polym 11(5), 388-396(1992))

Recycling of Microcellular Polyurethane Elastomer Waste. (Modesti, M - J. Elastomer Plast,
24(4), 288-305,(1992))

Utilizing PUR-RRIM Moulded Parts as Raw Materials. (Bauer, G-Kunst, Ger Plast 83(4),
11-14, 265-269(1993))

Degradation behavior of polymeric material found in auto shredder residue wastes. (Day,
M - J, Therm Anal., 40(2), 669-676(1993))

Solvolysis helps PU take a step toward efficient, practical recycling. (Kugler, M - urethane
technol.,11(1) 49-50, 52(1994))

New Chemical recycling Process for Polyurethanes. (Van Der Wal - Reinf Plastic Compos
13-(1), 87-96(1994))
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Polyutethane: Chemisches Recycling realisiert. (Plastverabeiter 45. Jahrgang 1994 Nr.7)
New Perspectives for the Chemical recycling of Polyurethanes (H. R van Der Wal - Utec
‘94 Paper 53)

New Chemical Recycling Process for Polyurethane (H. R Van Der Wall - SPI, Oct, 1992)
New Polyol Made by Glycolysis from PUR and PIR Rigid Foam Scrap and Their Application
(B Naber - SPI Sept, 1995)

Recycling and Recycled Content for Polyurethane Foam (D.A. Hick - SPI 1995)
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Tertiary Recycling of Waste Polyurethane Car Seat Foam (K. Tatsumoto - SPI 1995)
Recycling of Polyurea - Urethane RIM (J. E. Kresta - SPI, 1995)

Polyurethanes Recycling and Waste Management (Utech ‘94 conference, The Hague, 22-24,
March, 1994)

Polyurethanes Recycling and Waste Management (D. A. Hicks - Utech Match 1994)

A European Strategy for Recycling (C. Bastian - Utech, 1994)

Chemical recycling of an All - Polyurethane Instrument Panel - Industrial realisation

(J. Kerscher - Utech, 1996)

Impact of Rigid Polyurethane Post Consumer W‘aste on the Texaco Gasification Process
(D. A Hicks - Utech 1996)

Chemical Degradation of Polyurethane (V. Gajewski - SPI 1990)

Recycling of Polyurethane Waste and Mixed Polymer Waste by Means of Alcoholysis Reaction
(G. Bauer - SPI 1991)

Recycling Rigid Polyurethane Foam: Opportunities and Challenges (R. E. Riley - SPI 1992)
PURRC Flexible Foam Task Group Contributions to the Recycling,”Recovery of Flexible P
olyurethane Foam (A. C. Kirk - SPI 1992)

The Recyclability of Flexible Polyurethane and Polyester Fiber (V. Dutt - SPI 1994)
Recycling of Polyurethane Residues (A. Hoffman - SPI, 1992)

Polyurethane Recycling in Prespective (C. Bastian - SPI, 1993)

Developments in the recycling of polyurethanes and Design of Foams for Easier Recycling
(K - W Kroesen - SPI, 1992)
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Recycling and recovery of Polyurethanes - Possibilities and Limitations (Dr. E. Weigand -
Plastverarbeiter 46, 1995)

General Purpose Adhesives Prepared from Chemically Decomposed Waste Rigid Polyurethane
Foams (Y. Imai etc - SPI, 1993)

Recycling Polyurethane Waste Using Thermocatalytic Glycolysis (Yu. L. Morozov - SPI
1993)

Recycling of Polyurethanes by Chemical and Physical Methods: Prospect of Reuse in the
Car Industry (A. Petrone - SPI 1993)
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43)

Recycling of Polyurethane Put into Practice (E.Weigano - SPT 1993)
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Recovery of polyol from flexible polyurethane foam wastes (M. Buggy - Key Engineering
material vol. 99-100, pp. 65-78, 1995)
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PURRC Flexible Foam Task Group Contributions to the Recycling,Recovery of Flexible
Polyurethane Foam (A, C, KIRK, 34, Annual Polyurethane Technical /Marketing Conference,
Oct. 21-24, 1992)
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1) US 3441616 Process for recovery of polyether polyol from polyurethane reaction products -
Wyandotte

2) US 4316992 Process for polyol recovery from polyurethane foam comprising alcohol and
steam hydrolysis - Ford Motor

3) US 2937151 Method for recycling cured cellular polyurethanes - Goodyear Tire

4) US 3109824 Method of dissolving polyurethanes and polymer using tall oil -Mobay

5) US 3404103 Method of decomposing urethane polymer-Bridgestone Tire

6) US 3880997 Insecticidal and acaricidal I}hésphorous containing esters of
2-hydroxyquinoxaline - Bayer

7) US 4025559 Method for continuous hydrolysis of polyurethane foam in restricted tubular
reaction zone and recovery - Ford Motor

8) US 4399236 Process for separating polyurethane hydrolyzates into polyetherand diamine -
Bayer

9) US 4511680 Process for the continuous high temperature glycolysis cleavage of polyurethane
plastics waste in screw machines - Bayer

10) US 3700440 Dodging method in which the photochromic material is stable to light and heat-

11) US 3983087 Novel process of reclaiming polyurethane foam - The Upjone Company
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Recycling waste

polyurethane polyurea to

give hydroxyl cpds of low
amine content

Prodn. of isocyanate -

creative polyol dispersion

from waste polyurethane
Reprocessing of

polyurethane plastics
Recovering isocyanate

- reactive components from
polyurethane and polyurea
Continuously hydrolyzing
urethane foam particles

using steam to recover

liquid polyol

—F i R R= Fmp pvE—

— e O LR ARt

— Bayer

— Bayer

— Bayer

— Bayer

— General Motor Corp.



