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Fabrication and characterization of rotaxane-based polyurethane having movable cross-
linking points
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Rotaxane cross-linked polymers with rotaxane structure at cross-link points exhibit outstanding mechanical

properties compared with general cross-linked polymers due to the highly movable cross-link structures.

Polyurethanes (PU) can form physically cross-linked network structures through intramolecular hydrogen

bondings to afford stable polymeric materials that showing superior processability, moldability and

recyclability. In this study, segmented polyurethanes (SPUs) including rotaxane structure were synthesized and

evaluated their mechanical properties to find out that introduction of appropriate amount of rotaxane structure

into SPU improved extensibility, toughness and stress relaxing property property

KEYWORDS: segmented polyurethanes, thermoplastic elastomers, rotaxane, recyclable rotaxane cross-linked elastomer

1. IFC®HIZ

BERlce g XV oBEE AT e 2 U 4UES
73F (RCP) 1%, ZRGER CTOE T8O BN Bk
LCISHENET D2 ENARETH Y. EFITEN L
B2 EORF R RS D, —F, AU L x v
(PU) 1Z, M0 LHAN Y L ¥ UFERIC X0 Sk
BRoltR)~—ThVy, EAICHND VA=AV A
VT = NOMBEDEEEZ D LT, LIk
e D HEECHEE O PU BREEATRETH D, & D blT,
w7 A MERY UL (SPU) 1E, RFEM A
WHETZ I A h~—Th1, TLaMEE LTESHNS
NTW5, MEZE S %A T 5 SPU 1T, AREESLICH
fRT %, MBMC X VM 2 2 & b AlE &V o 7R
EHLTEY, KANRIEER-GREEAET 5% > b
U— 7R Y ~—L A T, BB, VY 2
P SIS, T DX D7, SPU OENT R &40
RN A 525 N TEHu XX U EEx

E-mail: hiromitsu.sogawa@riken.jp

MG D Z &, R & B % Ml 2 7
DTMEORBIAFIRETH D LI SN D, THET
b, BV UMEEZ AT D PU LW DGk S
NTWDBEN, BlziE, Gibson HIE, v & 4 L difEA
RV ULH Ry NT—=7 %BIZLDTEKLTWD DS,
TV OFHI I T T e ) - 722, Sagara B 13,
AHr7al vy ERTa XX U EF SPU %
BELTVWEHDOD, ZOZRTIITr X X4 DEAR
FIEFITIRS (04wt%) iz b TRy, ¥ xH
DEIZ KD FPEDOETR LTV, Eiz,
Murakami 6 b v ¥ ¥ U #&EAH 95 SPU #8585
LTEY, v& X3 fEEOHEIZ LD P RED
ZZOWTHIMEL TE Y, SPUICKWTH EHE
Z XY UREIC L VEFETHZ LT, ML FEET
HHIEDRBINTND Y, LNLARBL, Z0OMH
Wibna 2 X4 g OE AN LD EHOKAE WD
RETH D AHEME DR TREY . v ¥ X5 v ORI
72 ENE A TR L7380 72 SPU & alIEDORESTIZIE, R
FPREORMN D D, + 2 TR TIEL, SPUIZEW
AEEE AT AR X R URE A AT H720, #lipk



o7 By &R <HHEAER T 28 2R 23, o
2 DOKBEEAR L, WiARENEEHIN[2]7 & X
VUV EAKL, LAY -k e gxy
VEA SPU BT-, 57z SPU O & ) 24k

2. WEREBER

21 RIAEFH2OF—)L1 ESPUDERK
EUDIT, fmpkor &y ic e ek EL AT
LRI FV VAN EEE LT, ARROFEMIC
DONWTIEZZTEHAEART LN, Kikrsn~ 77
7 4 T K DM 99%LL EDE )~ — % PRRE DL
RKTHE-, BHN7= 10 'HNMR % Fig. 1 (277, #
MEREETIIH 208, WO —27 2 TRE T6E
Thole, WIZZhaMWw, FLRY ~—{kIZT SPU
EAKRLE, 1 oz, oA —ALEKRY~w—L LT
poly(tetramethylene glycol) (PTMG. M, : 1,400), $HiE
FAl & LT 1,4-butanediol (BDO)., ¥4 V73— h
& LT hexamethylene diisocyanate (HDI) % M 7=,
ZORE, LR~ —4E (Method A) XY, 4
FERSOGHIZ 1 26 L (MethodB) . SPU 2757-, H
Wz 1 O& (xmol) X PTMG, BDO IZxf LT 2.5, 5.0
mol% THV, 2 br—/L (x=0) & s FED
SPU # & L7z, Method A LV HELNTE DX
SPU_xa, Method B & 0 56172 % D1 SPU_xb, =1/
he—/LiE SPU_0 & L72, Method A TiX PTMG &
HDI 22672 5K ~—ThbY 7 b7 A FHZRr

OH

EATRAEIC XD FEI L. 1 4 9 U HEEORAS K
YU LEYET A b= DY BEBICONT
MEt L7,

& %Y HEE % Method B TiX BDO & HDI 226725
UL H URES BRI E I ET DA — RE T A v
FORice 2 XY AEEE R TS SPU BME L1557
FRERHLE RO TNB, T VR ~—FHkEO 4 — 1
HDI : $HIE R S RF D A — VD ERITHEIZ 1:2:1 &
—EE L, EAOMREER1IITT, v¥xth %
A=y E LTHWESESTH, SECICE R
ATV AE OGBS FEAMICRET R M
RIIWTND 80%LL ETHDHZ &R LTc, IRWT
SPU 7 4 W A OFRBZ R LTz, oA ~—%
THF ICIAfRER, T 7oy —LICB L, Billa s
B, WET T 24 K, 80°C, JBUE T T 12 BRM#MH &
¥HZET, EE3HE~A 70D SPU =T A h~—
T AN LBE=R T, T4V AHRSGEOr XX AR R
Z 'HNMR ([C K VR LT-73, BEARKLERICEDY 72
SHHARLIEY O E BT 5 L afER Lo, £,
SEC HIIEDFER., HoNTT 4 L AOEBTHSF &
L EDEMFIZTERKR LELGAE DIZIEREE (M, :
24,900-30,200) TH D Z & EZMRR LTz, b DORER
EBEEE 2 FENTE T 4 LV ADTIFEWE O AL & 1T
7=

|
12.14
(o]
—
16.30

- 3
e J&) fB i3 J r%3 | //J
aromatic a+b
i d
a rBY aliphatic
NH k i
(urethane) f
S . - . .
ppm 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

Fig. 1 'H NMR spectrum of 1 (500 MHz, CDCl;, 298 K)
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Table 1 Synthesis and characterizations of SPU
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Method A (introduci i ! hesis)

OCN/\/\/\,NCO
HDI (2 mmol)
D-14 (x mmol)
DBTDL (cat.)
HAO A~ on
n dry DMAc
PTMG 1,400 60°C,45h
(1 —x mmol)
Ho"\/\/OH
BDO (1 mmol)
60°C,6h

~o§

pre-polymer
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Method B (introducing rotaxane during chain-extend reaction)

OCN/\N\,NCO
HDI (2 mmol)
DBTDL (cat.)
HAO~~Pon >
n dry DMAc
PTMG 1,400 60°C,45h
(1 mmol)
Ho’\/\IOH
BDO (1 —x mmol)
D-14 (x mmol)
B —
60°C,6h

VeV r\v\mﬂﬁo«vton

Iz

/\/\/

pre-polymer

SPU_xb

H O
AN 0. A NN
Br(— \/\/to X X Soft segment

. }\W\,ngox/\/\oﬁuf\/\/\«ng«owoﬂuw‘{ Hard segment
SPU | Method (07 Yi[?,/{"i' ) [Z’S:] [ﬁ"g:] [f(”g:] PDI b
SPU_5.0a A 5.0 83 40.4 17.3 31.0 1.79
SPU_2.5a A 2.5 96 42.9 18.1 33.8 1.87
SPU_0 - 0 91 34.8 12.1 24.3 2.01
SPU_2.5b B 2.5 91 354 18.3 28.4 1.55
SPU_5.0b B 5.0 95 41.8 17.8 33.4 1.87

a Calculated by the weight after reprecipitation with water. ® Determined by SEC (eluent: DMF; polystyrene standards).
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(c) Strain [%)] Strain [%)]
SPU Film thickness Young’s Modulus Fracture Strain Fracture Stress Fracture Energy
[pm] [MPa] [%] [MPa] [MJ/m3]
SPU_5.0a 380 13 45 2.4 0.8
SPU_2.5a 280 1 96 3.2 2.3
SPU_O 270 18 66 3.2 1.6
SPU_2.5b 220 14 120 3.7 3.5
SPU_5.0b 300 12 65 2.5 1.3

Fig. 2 Results of tensile test (Elongation rate: 40 mm/min; at 25 °C): S-S curves of SPUs as (a) whole figure and (b)
expanded figure (c) Mechanical properties of SPU.
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Fig. 3 Results of cycle tensile test of SPU: (a) S-S curves. (b) Summary of hysteresis energy loss.
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(b) SPU Hysteresis energy loss [kJ/m?]
1st cycle 2nd cycle 3rd cycle
SPU_5.0a 20 80 150
SPU_2.5a 10 70 140
SPU_0 50 130 190
SPU_2.5b 10 60 110
SPU_5.0b 20 110 110
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Table 2 Thermal properties of SPU
TGA DSC
SPU
Tas [°C] Ta10 [°C] Tq [°C] Tms[°Cl2  AHms[J/gl2 Tman[°Cl® AHmn[J/g]®
SPU_5.0a 303 326 =79 16 22 90 10
SPU_2.5a 298 320 -80 1 21 87 5.2
SPU_0 306 329 -81 11 27 86 9.0
SPU_2.5b 307 327 -80 16 23 86 8.7
SPU_5.0b 305 330 -79 16 23 98 11
PTMG 270 286 —c 24 84 —¢ —-c
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Fig. 4 Recyclability of SPU_2.5b: (a) Photographs of recycling SPU_2.5b, (b) Molecular weight determined by SEC,

(c) S-S curves of Ist casting and 3rd casting SPU_2.5b.
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