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&l 1. Schematic description of soft segment and hard segment
in thermoplastic polyuretane.

H dAo] ZaZelvig oz Az§ TPUY 7|AA 44
o Hldle Yo AL Ho|L), soft segment$} hard
segment Alold] A% Zg-o] Fe AL one-shotH oz
Az TPUQ 7AH Qo] 238 ZagZEnygezr
Az TPUS 7IAA Ado) wist] 959 AL &
ot FH, ojglF TPU9 A|lz:s Zdolo] WEM
sleb Hel2 HEEEL H3AT F By 2= g2l
dAgslsle 34 T o]2AaFUYEIE o]4stE vl
FA9 £90] F78ha sk,

TPUS Az 9hg2 ojxhihgoz & Pk F718
ekt Og 29) vehd uiel e TPUY Az
o] Fk= AR ()9 F7h= A ()Y E7h=
soft segment9} hard segment Alo]e] Azl = 7]
8o}, Makoscoy ThHea 22 AE4le Algtsig .’

u

-
o i oo

7 =17y(T) (aa,— &)+ ¢))

4 (DA o (1) Arrheniusdg wWan, o=
soft segment®} hard segment Alo]e] A&azlg E3)
223 Azt dolus A¥golth. E 1dE hard
segment o] me Balolg s oS Uenpod.
e FL L5 HHd s €A% FZe Ho)Aq gyt
Aoz 2m7t wolNA Z7I%th. Park T o&wt
ZYHAE YA 32 Ao F13MA whg S0t A
27t 4%t Andod] Rye] w=w,’ TPU2 Az
Al W2 el #E4E 58 SEE BE HE2E &5
webq Y=l TPUe BAjgke] v Age wolr)
%3l Koberstein® TPUE order-disorder Zo]L&%
oldol A XA T A BAZ] F7h) miaA o
ol'dg BFE o0, ol allophanate Ao 7]9ls}
3 hard segmente] ZASE A3 dl= Aoz HHINY
oS gep TPUE AZA Qolge] mat Bxjao] Ws
S 74 43 F 849 Ws) Qo + Jlee
2 4 qitt.

1000
® 9 T
W50 T
O A30T
100
CR
- 0
A
=
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0.1 [EEEEITT BN R Ry 1o
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% 2. Viscosity vs. time at several temperatures for
uncatalyzed preparation of polyurethane from MDI-butane diol-
poly(propylene oxide-ethylene oxide) polyol.3

E 1. Parameters Used in Viscosity Rise Expression for TPU¢
Equation (1)*

Hard Segment Content(%) 34 47 55.5 64
E,(J/mol) 2237 2232 2220 2214
A,)(MPa s) 3.095 2764 2.608 2405

a, 093 088 085  0.82
(o 3.5 3.5 3.5 35
c2 -20  -20  -20  -20

%For MDI-butane diol-poly(propylene oxide-ethylene oxide)
polyol.

3. TPUZ2| EM

3.1 Soft Segment2| W&

TPU9] soft sementE A sl= Zol&o £89) 8
Zo met 43, 71A14 dde WsE melch TPUS
Azd F2 AgHE Zed2HEd Zega Zad
Hz24 Z21€2 Axd TPUY SHELS & 29 2o
s £ Qo EZslzzetEd Zg2L o]&d
TPUE Bl 74X E4¢) 433 54L& o, T
FRETAA E2] &2 0|43 TPUs 857 EX4o]
ol HatA|, d7] A9A T 454 fed Aoz @
#A doh” YukA o 2 soft segment Ea]L9] Bxjs
o] 4% hard segment9}e] AFgAlo] wro} AbRalz)
Z dojua, A= (hardness), A% (stiffness), E5
% (opacity) §& Z718c}8 £ soft segmente] 2
o] X7} FE&5E fEldo] &% ojAdA Vel 3
7 He o] W A HHSE B8 AL Y
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¥ 2. Properties of TPU Depending on Polyol Type

¥ 3. Characteristics of Diisocyanates for TPU

TPU Basedon  TPU Based on Chemical Molecular
P; t; i iati
roperty Polyester Polyol Polyether Polyol Materials Abbreviation Formula Weight

Hydrolytic Stability Poor to fair Good Trans 1,4’ -cyclohexane o

H I OCN- NCO 166
Hydrocarbon Solvent Resistance Good Fair diisocyanate CHD
Oxidative Stabiiity Good Poor to fair p-phenylene PPDI one __O_,,CO 160
Fungus Resistance Poor to fair Excellent diisocyanate
Tensile Strength Excellent Fair 4,4’ -diphenylmethane MDI °C"'O'C"' _O_,,co 250
Abrasion Resistance Excellent Fair diisocyanate
Tear Strength Excellent Fair 44 -
Radiation Resistance Good Fair dieyclohexylmethane HMDL  oonOronneo g
Impact Resistance at Low Fair Fair to excellent diisocyanate " o
Temperature

v} TPUS| 48] S48 soft segmente] §ajdo] &
=& S3¥ozN wdo| 7153t AR} g o)
2 A% soft segment JHo] GajHo] L%} L
hard segmentEec] Folgls A2 &5l soft seg
ment?] f2)Ho] &7}t Frlshe FFE Holy] Hio]
o E2029 R "l 2ol Bolr|E AT, bl
o] TPUE 190 ColdolME AHEI}L 2o 49
order-disorder o] &A}to] vteldc),

Chee &9 Hio] <318, TPUC| order-disorder
Ho) & o]dlol|l A soft segment®} hard segment?] At
22 $55 g e dapog Jepd § gl

(a¢2i/at)Ta: _¢2i/ri (2)

2 (2)9M @y soft segment$} hard segment2)
FEelE7] A E¥EF -8 hard segmento] Ruli
&)1 r= G|t} EPldHl2A Zaes Az
@ TPU7} EeldlaHl2A Zolg2 AZ% TPURL}
gRe7t B dolvhe 5L Bl

dptdo g Zalge] Bl Z4% TPUSY hard
segmentE2 Fo] ol uPH HFYPHL Ax=
HERAE 7Y, EAge] we Zalgz AR
TPU®] 7%= hard segmentEo] Mz 949 33 o
& 7tAe E4E9) mE2AE A4 dgl!
Rodrigueze]] ©j3ld %zle] A9 TPU9 uslzAge
7% Age 2ok £8 Harris $¢ Bad wa
A, Z2) 8¢ tolarohio|ER AHAA THE B
Ao #8182 AN TPUE €4 g, d37 %,
E T M8 Holu BE duRASe ALE B
th. #¥ Sungel 9Jshal FEg il yolwe A
d3A 2 AMgseE 2%, TPUY hard domaine] 319
o] Fo} g 2% Asld) we 22T ZA
Li=

3.2 Hard Segment2| Y&}

TPUS) Alzo] 2 MDIE A}L-31A| T &%) n}ag

ro, od

i

DEXDSD e A8A6E 19979 12¢

1L NCO  NCO. co
Toluene diisocyanate DI ¢» -é—« -

(2,4 and 2,6 isomer) Neo

Ae OF teliAolo|EE AL @t} B 3o
T HolaAlopdlo| a5 28 vlwsld Jehid 3
= MDIW4! PPDIE AMg3le= 29 TPUSY soft seg-
ment®} hard segment®] AHEE)7} & dojrizm, EAle]
NAE 71 Aoz Busw Ut &1, TPUY o
AL ¥imA s A at 84 FER ARGl B
= 3 T2 RYsp) sl Ay PAL Hol:= hard
segment 2 o] £o]d TPUE A Rshe AE7} o] o)z
ACE o2 o4y TPUE AH&elr) = 7Fedst
71AE AAe AME 7158 Aoz Jlg=Ea .

TPU9} hard segment #§& £%9) wia} 20~80%
A=2 A"}l Hard segment d8fo] 71318 o]
o] 33 ddol a8 39 Uehd uie} o] mPd ey
A4 A2 dZ2€E g g ¥aled "ol Yoo B9 95}
W poly tetramethylene ether glycol(PTMEG)¢] 7
+ olH@ mE2X9 Wiyl Bx=k 15002 20004)0]
AA dolun B4 & 9L nA! guike g
hard segment g F713lA 3¢ =] AU o)
o1, B4E 2 A BrE ZrlERn Age
EAEN 3=

TPU9] hard segment= M7IX] A2 &A%}, A
WA= soft segmentdl] HolglE RS0t} Eajge] B
A#go] 222 TPUS soft segment 2@ 0| 257}
A Jelde RS soft segmentd) *=0}9l:= hard
segment Fo| F7| wjFolt}. FHRZE ARSI
%2 hard segmentE2 ANE Sslo] AQYHY 5
& REolt). o]5L hard segment §lfo] z}e b K3
FEAE F3lo Heldhes o] Lol gt Aux
Ex Z%3§ hard segmentBolt}. ojE MDIs}
BD=Z o]®0]xl TPU9] hard segment:= 2R 3}=5|x] ¢
< T4 Yol A9 70~90 TAlO)NA SaHo] &
EE Holm, ZAA3E A o] AeE 150 C &
oA e £g0] Yoldrh % gy, o)aj§ TPUe)
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% 3. Schematic hard domain structure of different hard seg-
ment contents and . (a) Isolated domain structure and (b) in-
terconnected domain structure.

97 Ao] WAL dolell A e Aoz B
R emsh AR weh 4
3 H4ol Wssn BYel WHE AL F b

olch.

s, Ar . ki

4. TPUS| 28

TPUS] &= E 49 JeRR ulel o] vhaksicl,
B9 A¥e 4l griad Sl Zo] AL,
Z, 29, 27 48 58 o848 5 sk TPUY
e A9 o driad Eekagel BAe A
g BA=E AEsEo 9 ge I Ragich

4.1 otMlE/TPU 3=

FAEA0] BoE oyt oplE 429 AYHA 27
ZArE 9F 2~5ft-lb/in AxF o}, 198334 DuPont
oA notched Izod FAZ%7} oF 17 ft-lb/inQl o2/
TPU EA=7) a/i=E®A 2 g4 Zopt Holzed
old W& A7 o] Bws APHYr}t.? Chang
Yang &2 oji&t $=xlo] TPUE Zqste] ofd=e] uj
4 547 Ago] d4Ee nasycl. 53 TPUY
Ferol 30wt.% Y W 71 A5 FFEHA BHS
oot o}d|&te] ether oxygen¥} TPU2| $-3%t A ga}
FAAF o8 F EA7 AeA0] &S FT-IRE
3l sk £3 Kumarst 35IFAS2 94
APH oz TPUY o oigel HEH Eijo| ax}d
o2 FYEL B syt 4AsE oMP/TPU A
Z& Delrin 100STolgt= AEH oz DuPontol|Al A
QBT YTHF lBL F3 AL §A4H we 347
=71 8 FHE AFa BE F connectors, clips, hing-
es 5ol AMER wj@ du], Ayl BF Bz olgd
o

4.2 PVC/TPU H#IE

PVCY ¥7td& 714aA dA TPUE &g U

2 od 2 o

Lk

ofy

X 4. Application Areas for TPU

Automotive  gaskets, bushing and seals, steering gear parts,

assembly-line equipment, shock-absorber bump-

er, fender extension, membranes of hydro-pneu-

matic suspension system, grill, hatchback strap,

side shields, filler panel, fender and quarter

panel extension, windshield and close-out lace,

bumper filler, valance panel.

Hosing and irrigation hose, garden hose, fire hose,

Tubing hydraulic hose, sewer hose, fuel line tubing for
snowmobiles and small gas engines, pneumatic
tubing for robotics, surfboard leashes and
cords, medical tubing.

Animal Tags short-term tags, long-term tags.

Wire and seismographic cable, air gun control cable,

Cable audio wire, camera cable, computer cable,
head-set wire, interbuiling wire, marine cable,
welder cable, military cable, towing leader, com-
munication wire, cable jcketing, blowout pre-
venter control bundles.

‘Wheel/Casters shopping cart wheels/casters, food service cart
wheels/casters, hospital cart wheels/casters.

Film and elastic leg and walst bands for disposal diapers,

Sheet equalization vests, life rafts, life jackets, foot-
ball liners, seals, gaskets and diaphragms, bal-
loons, air mattresses, air cushioning, water
beds, rain wear, surgical drapes, wheel chain
pads, conveyor belts, disposable gloves,
adhestve film for foam and fabrics, airsole line,
protective covers for industrial usage, foam-in-
place cushion

Compounding automotive parts, shoe soles and heels, belts,
sheet, drive gears, wheels

General Pur-  reinforced and unreinforced drive belts, packag-

pose Molding ing seals and gaskets, asphalt paving equip-

Extrusion ment, soft face hammer, wear strips, ski masks,
feet masks for windsurfing boards, ski pole
gates, copper-mining screens, coal mining
screen, phosphate-mining screens, toplifts,
boots and soles

A E4o] $4% PVCE 9& + Ut o5 PVC/

TPU Bd=s 7144 H7Hd 24HEE 24 E #2

¥ e el i BAd) PVCe AL #4, )

slw, W4 Sol sass oldel 9l PVC/TPU
gaze Egv] E= EF Y2 teld WL &

U271 dZell AMg-Ate] thFdt 87 AEF A E §ol

A A28 & dvks el Ytk PVC/TPU 2as

+ Alpha Chemicald] 4] Vytheneoldh= AtZwo g A

A5 glom ZREE 50~607kx 2 theksint® ey

ol Eopll ol&4=Hx=d & E¢ XY inhalation
theraphy devices, catheter hubs, biomedical device
valves, biomedical tubes, hospital bed sheet coat-
ings 5 T3ttt 2B Aot o8& Hopddx
animal ear tags, window(door) gaskets, H-%-<} AA}
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A AHEElE squeeze bulbs o= AlgH T},
4.3 Polycarbonate(PC)/TPU E#Ic
PC/TPU ¥z TPUS $58 Sd4, unlmny

223 =34 (paintability) 3 PCe] 943 7|44 A

A3 FAAEE FA9 A AL 7R3 Yt S35

TPU= PCe ©4% Ul SRS S, &

T =34 g primerE Hsle T aEA

%ol BAHozE fIsi). dwd oz PCe 247w

7t A ejEAdel & el u¥ o]z @ WA s TPU9)

Frd HE2 SA4d s Bed 4 . PC/TPU

A= Texinolghs AEW o= Bayero]A] Ak

Ko olge] AL A9 50:5009 side panel,

flexible bumper fascias $3 7+& 253} Holo] &=z

o] 45w gt}

4.4 O|FR-BLEZ-RElC|U-AE[H TZH (ABS)/

TPU Rl
ABS/TPU &z TPUSY 58 Y224, Mg,

AL54, WA, Uniey 181 =343 ABSe)

WEY, & 23 BHE 4 93T 52 B9 Ad

P& 7 U ABS9F TPUE A9l BE 2AdA]

E£3E + Jon ABSY ko) ZUlE5E gy

7Fhu dmlz oy a3 s 2asln AR

dM%= ABS7} BoldsE siA® wWojzict?® ABS/

TPU Ed =& Dowoll A Prevailolgls AZmoa A

AT glow AFEA Hobdl 24Em gtk six|wt

OFZMAE 2 AMgFo] Hov} kgt 2Yo s B

T e 2 WR 21 38 Holr} BAQE Aol 2

Aoz o= gl
4.5 7| g
TPUS $olA A58 HEAQd Bdo 9oz o}

a2 Aget Ego) Fesly o] Ui drs A
i

20 =
=T %
R

3= A fEd HF¥AE AlRHE poly
(vinylbutyral)(PVB)e] TPUE &&3dlo zx PVB9]
W34 543 AL B4L $INALH, Zerjal} 2E
ATAELY 28A-clmE2UEY FF YA (SAN)¢)
A4& F771ew TPUS oleslgth. TPU: o
o2 HFA nRAGE 444 Qo gEA .
A ol @t Bl g8 EFACNNE B Ae3iA)
& F7hstd F BR A84e ENAE AT 94
AMEE 5L QlTh Santras} F5APIHEL v dg 4l
polydimethyl siloxane rubber(PDMS)/TPUs| o=@l
oidadl olzdgo]E(EMA) ZEFAE olgsld e
8& F7MAL, Tange® Zezl=z9d (PP)/TPU &
deol A8 RN sl Aesigz
maleated PP(PP-MA)d| Zzjddadl £ilo]=(PEO)
7} 22l=ZEd (PP-MA)-g-PEOE @48l Hrigto

DEXAEDY Jle A8 U6 E 19979 129

24 4849 718 B .

TPUE 729 E4¢& vlng golapl 23Y 5 s
EelfeEe] - Gl FRA94 2 LT Y
7R Ade] TR &5 AHAvL QASET Qi) BE
TPUS 3" A7 Mge G849 A, soft seg-
ment e} hard segment 4}&E=]e] M} F3A9 Z4, o
FE 715 £ AY Tl mofd Aoz nelr.
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