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Influence of Molecular Weight of Soft Segment on Microphase Separation and Tensile Properties of Spandex
You Gexin', Chen Xiri', Yang Bo”; Zhou Xiuwen®
(1. School of Mechanical &Automotive Engineering, South China Uniyersity of Technology, Guangzhou 510640, China ;
2. China Academy of Engineering Physics, Mianyang * 621000, China)

Abstract : The prepolymer was obtained by the reaction of MDI and-PTMG with different molecular weights (1400, 1800,
2200,2600,3000),34.5% prepolymer solution was prepared with DMAc as solvent, and then spinning solution was prepared by
expanding chain with EDA / PDA mixture. Then 5 Kinds of spandex samples were obtained by dry spinning, the degree of hydrogen
bonding of these samples was measured by Fourier transform infrared spectrometer. The influence of molecular weight of soft
segment on the microphase separation of spandex was also studied by using small angle X ray system and dynamic mechanical
analyzer. Finally, the universal material testing machine was selected to test its tensile properties. The results show that with the
increase of molecular weight of soft segment, the content of hard segment decrease. Furthermore, the degree of hydrogen bonding,
microphase separation and fracture strength of polyurethane all increase until molecular weights 2200 and then decrease. The
clongation at break decrease until molecular weights 2200 and then increase with increasing molecular weight of soft segment.

Keywords : soft segment molecular weight ; dry spinning spandex ; hydrogen bond ; microphase separation ; tensile property

45 Je R BOMI A 5 BL 3 70 20 1l ) <2 Bk
ZABUE T REY, A B Z [ ) A
VA28 )™ FE TR 23 85, T2 A A RUX 454 . B
i X 3ol (VR 3 B0 Ay ) B S R SAT 3 58 BT, T ERAH
WIS AR (T,) Ak T REGILBE , (AT R EAT
FAEE KRR R A 5 0 12 PR RE SR
Tirf s e 2 U SRR 1 4 R A RE R e TR 2
R, OB R TR i, B B S IR IR AL S 25 A
TR Bt LA K ™ 51 25 1 46 2% AR 2 ELI S i) 2R
S BRI TR A s R B, DR U S S S R
YR B PERE R B VI OCH . D. J. Yontz
YOO 73 85 B 25 AN 5 B B 91 A4 3
IR G, b2 52 BB BRI OB B2 58 0 i) 52

i, R. Bonart"™ WIZERFST £ B IR 2R A X 45
2B /IMATHIURT (SAXS) 5 T MR o2 [R50 SR AU v 1) 7k
FHAY B RR I, (HR S B o T i (O 4y B R
(SR 1 AN B A o T 2 3 s ol Rt i B 1) 9 I
(5 LU A S B B 5 il 5 0T Y L gk —
i (PTMG) 43 F i AR 24, i@ 328 J127 50 B
(DMA), SAXS, {7 AR T ST (FTIR) FI; )
— ARSI Ty A RO B A TR L 221

* [E R A RFHFI A2 0 S 5 oh E TR EE T Bk A 3k £ 10
H (U1430107)

RN WESEHT , B S R TRE, F2 28 4 e
KR

Wi H - 2017-10-07


杨超


TR, 8 ARB S TN ZER R B 23 B S R A P RE AR 89

TRURH 53 25 R A B A9 52, A B v 228 10 1 FH
HEHB AR T
1 KIGFERs
1.1 E£ZRAH

PTMG : 373+ 14351 2~ 1400, 1800,2200,
2600,3000, T2, DI RAEE L T AR
Al

TORFEH e — SRR (MDI) 2 % (EDA)
N }& (PDA) : Tl g, LR 5 5 SR fb 2 A7 BR A
Al

N, N- — W2l (DMAc) « Tl g, #iilyT
LAE TR A PR F]
1.2 FZRE&E5ME

JTREARHRRIEHL : 5965 Y, £ [F Instron 2\ 7] ;

FTIR {¥: Vector-70 %, 75 [& Bruker 2\ ) ;

SAXS & 4i: SAXSess %, B | AntonPaar 2y
GF

A T8 (DMA) 12: Q800 #Y, S [ TA 1%
/N
1.3 XA &

(1) HilE TR

il 5 K. PTMG (140051800,2200,2600,3000)
43 AT MDI v G R A, i an e 1 s .

0=C= N@ CHf@N =C=0+HO[CH,CH,CH,CH,0| H+

MDI PTMG

o-c=N-{_Y-cur{ YN :C:o\
o-c=n-{_ ) CHZ—QNHgo{CHZCHzCHZCHzo}“%—NH@{Hf@N =c-0

E 1 PTMG 5 MDI B A i X

(2) P HER A B« B A [F] 53 1 10 SR A4
SR A A 18] )42 HP A 5] DMAc 11T
R R 34.5% WYL )5, se o RS A
A n(EDA) / n(PDA)=3.4 (45 , FRABEHE &
Y HRE RN TEAR

(3) Y122 UL« e h 09 95 22 I 23 1 i 2R
BT TH 5 R A 22 AR 8 SR A B 2 A R
T T8 P ] A 22 R 2B NG SR A b
ZF £ 40 D (1 5 4T 45 A 4 224 i, Hh DMAc
VAR 2ot 3R T I 28 A
1.4 Mgl

FTIR M3 76 2 I S50 T 3 A7 i A8 2
A0 5 U 4 I BT (ATR-FTIR) I &, 451 % {5 F

41500 ~4 000 cm™, F K ECH 32 K, HER N
0.16 cm™',

SAXS F3AT : F £ AEAE i B R R AR [ 52
a2 TP B R 1 SAX Sess BT R GG, T
YEHLE 40 kV, TAEHJE 50 mA, Y6 Cu-Ka, P K
7=0.1542 nm, F£ i FKE I #5852 261.2 mm, X
JSFH SAXS quant 3.0 BT I ALFE

DMA 437 : ¥ 30 HRE 28 22 B HEF K Wi e b
S8 It e BLE 2, 7E ~100 ~ 20°CIE RN, L 3°C
/min TRV T NI, BEE MR R 1 Hz T
WAE

AP REDIA : SR T G EHA IS LR A T 45
FZ /T 50006-2013 il ik J1 2= Pk fig. iXHE A Je 4R
Bh 50 mm, $7fH# 3K 500 mm / min, 13K i
Sk 25°C, BEAIAE U 20 Yk, BOF-3A
2 HER5iTE
2.1 BB T E AL DAAL LG F R

FTIR Y — i o L8 A5 Fofr e 43 5 A it i
K T 2 T AU A RN B R AT RO v
PenT LA W 28 28 th A O A B R B . I 2 AN
A B BE Ay T B 4 AE 1400 ~ 1800 cm™ 315 [ 4 Y
FTIR &Kl 2 1 24 b S [a) i i AR ik i i g
PR , A AN R 3B o T I e 3 B I S i
TR

1400 1500 1600 1700 1800
WeH/ em™!
2 RFFREB TR 24 FTIR 34
F1 FTIREE AL 1400 ~ 1800 em’ SEE AR IEIAE

Wk /em™ W1
1730 e B = AL P RfR C=0
1709 B I RER C=0
1673 W HK C=0
1638 #AMK C=0
1535 kA 1157 ~CO-NH

MR B TS B IL R Y) FTIR
AN R TET AR, S48 A TS AR A B ) T2 i U Y
RE B2 A . U I BUBOR , JEER M 4544 1Y
AP SRS T i, T B e K B A A
BOTRIE . TEREMEIL R Y b, B B ) S A 3


杨超


90 TSR

S B KT RO B[R] U R 2 1, R b 3 o0 A
BB 2 N—H FEkEE C=0 2L Al i £
FIWr 2 4 1) SRR B 5 AR S Y T2 25 71
T PTMG 73 F AR, fif LABREE C=0 RYLLAMK
WA AR kA 23 e K T2 5 N—H YA, BT DL
B C=0 XAERNIFFEAT S, R Gaussian 4347
T3 3547 Lorentz bR 73 WEALL 5, T 5E PTMG 43
TR E AR S . UG T A5 AR
P 3R SR 2 (HBD)Y -

HBI= Y (SRS ) /Y (W BEDRIE T )

F2 FTIR & KB C=0 M4IREH HBI
53 TR

1L =X

VBN TR ot WmioE e anE e o
1400 3.7024 3.6477 19121 3.9609 0.7379
1800 45160 4.1386 1.9722 43451 0.764 8
2200 5.0730 4.1279 2.0909 4.8804 0.794 5
2600 45126 3.598 8 1.7743 4.5288 0.7735
3000 5.6467 5.408 6 1.408 5 4.5039 0.7117

MR 2 BT LLE H, PTMG 43 F e K,
SRR HBI B2 I8N, 24 50F 500 2200 B, 155
B RAH 0.794 5, 1743 T HE 4k L34 K, HBL AR I
N, XA BEH N, B PTMG 431t RO K, kg
FEBLZ [AE LA G L L, A A A i i
FEHER, 0 B 2 [A] B 25 ) {55 (G5 o T
TE RSV , T LA SR AL R B R T s AR 4R B Ay
KT 2200 B, A5 B 7t AR 2D, 177 A B B8 AL e Sk
C=0,4 1 C=0 JE i 2 st 2 pfi 2 98D, A
SRR BE R
2.2 RZHMARS B 6 DMA 447

] 3 S AN [ 3R B o3 1 1 24 40 ) A BE A 1t 4t
FE T (tand) Pl A8 4L . KT 3 1Y tand— i
FEHZTT LI 1,5 A3 BoR H Hese B m) i
FIAFENE , - H PTMG 3 6 EAA M [ Be ) o
) L S e Bl 1 A e R . dEad
MRS IR P ) AR R - i R e A 6, A ) e SR
PTMG-1400, PTMG-1800, PTMG-2 200, PTMG—
2600 Fl PTMG-3 000 L5414 T,y —41.6,-43.2,—
46.2, —48.7 Fl 48.7°C. K Bt T, Ik, 3By ¥
SRR, B >, T LR T, B PTMG 43T
ERIMFEAC. 5 LS BFER T ih 2 2
AR X FR AP FEE , XOE SR Y R AF R 43 5
(IR, HIGTERE MR, T, KIS TE , WA fAr 20 8
522 U9l PTMG-2200 A i I 4 FE U Ay e 2450 A1
XTFRIR) 33 & B LA 53 B8 A5 B fe -

2017 4F, 505 45 4,55 12 )

70
= 60t 10.4
£ L \\“\
.f: 50 03
z 40
>~ 30F 02 £
o, 20 s
= I T0.1
3}3 10 | ’
= 0 L L L L L L —40.0

-100 -80 -60 -40 -20 0 20
M /

3 RRSB S TR SRR and BITREE Rk

& 3 Al & W, BE PTMG 43 1B 58 m, BE & i
B BERT RS 508, PTMG-2200 N K H 60.83 N
/ tex, R Y B oy /N T 2200 B, FEPERE B
BEHIE AR | 21 2 B2 Bl HE s A BRI 5 RS
REBLE [T (H Y4BT KT 2200 B B EL &
/D AT R R SRR AR, S 4RO O3 B AR B
R NI EAERE T B
2.3 RALARS B SAXS o7

K 4. AR PTMG 93 F 24 19 SAXS M2k,
A& 4 AT LR, 5 2R S 1Y SAXS #2634 B AT HL
SFPUGE, W HAAE TR 25 S A5 10 B A DX ) 1) 1 5 380
2= E R

&
A
%

(;.0 0‘.2 O‘.4 0‘.6 (;.8 l‘.O
g /nm’

=1400; =—1800; - 2200;2—2600;°—3000

4 RIFHEBSFRIVEL SAXS
T Ao 2 T S R ) RS 0 T A A ) 3
LA 5 8 R P 0 i 38 %) 8 g B . AR i
RO Hl £ v 55 0 T A B 6 &, R R A AR O R
D=2 / G FT VIR T30 1R HCE A DX 1 S 34 R
(D), HH G 2 IR W R T X5 7 9 530 O
AR/ R RS R S RS SF 1

RAF DS T 3.
xR3 AELEHSFESLW D E
KB 1400 1800 2200 2600 3000
D 9.71 10.02 10.34 9.81 9.24

3 A UE L BEE PTMG 7 T+, D
(B3 R W/, A6 2 F 5 2200 BEA ok T
[ 10.34 nm, R 5 BB+ 5 55, A B &
D R B 2 [ AN AH PRGN, SAH 43 B R


杨超


TR, 8 ARB S TN ZER R B 23 B S R A P RE AR 91

BN, (H BE R B T Ak S, 78 1H %E (1) MDI
Y R R K B Sl b, S 8T
WSS T T I, SURILRE B TR, okl o S AR B TR Ik
FEAIK, DA/ X5 Bk Xt DMA EAF 7k 1T
WE R
2.4 BESTEANRLIATEAG A

Kl 5 AR PTMG 43 7 1 2048 1) W 2458 )
Wr A R AR b 24 PTMG 434 1400
IF, 2 4 22 W) 5 1 A &, AL 58.35 eN, A PTMG
Gy F AR, 70 AR R A BE 9 A B LR MDA
Tl A RS e o T ok v D A RS R AR (B
PTMG 43 3G R, 1A FR R4 B 2 ] 1) N A 25
PERE R, TOrH 43 B AR B 14, T 5 0 ol Ui, SR
LR B e AR 0 G = AL b N
W24 KRR, PTMG-2200 B & 45 FE S T 2450
JIRBE A, K 73.35 N, MERBEA TR kLl K
B, DB i I e i D SR e 3R i v DR R R o
/D R BRIV T AR B ) B AR A D, oA 43
YRR AR, BT R8 JBEAR (A F R S 4 H
Wi | o TAE T R MERE K BRI, 5E B Shie ) 4
5, T AT 24 ROR R R . X iR IR R AE Tk
AR 45 A — 2

75
L4520

=z 7 =

~ ~

R 65F B

= 1510

g 60 - é‘%
550 %500

1400 1 860 22‘00 2600 3000
B Tt
s RIEKBE A T 4 T 543 ) RIMT 2L

3 it

(1) FTIR &5 3R W, BB oy F i 2350 i 2 28 41
Aey R EALTLRE , PTMG-2200 (Y HBI #68U% 5 , &
SRR e

(2) 1 1+ DMA Il SAXS ik & AF F Bt nl LA

5 28 AT K BE 1 10 48 T 70 B R JEE S T«

DMA 48 K+ — i IS PTMG-2200 2448
FLATFER SO B AR B B FE I FL T, 3218, R i
BRSO 2 2, 9 BLAE 5 NRESL P BB B il
AEA &5 alad SAXS MAS B0 3 RAF D bt
—HAIE S B B ST ARG I 26 (R S 43 2
JE SIS WM, S o 2200 B4 £F

TR 7 PR RE i e
(3) % e ) U B AR B R OAR 70 R P 2 26

BHATS 0917 ERE , AR B THEE R, Wi 8dai 1 5

FERIG N , W B AR eI N E IS

2 £ uk

[ AR Lam . & 2409 45 K, Pk Ge A g & (— [T Bl 34,2002,
28(11):30-35.

Song Xinyuan. Structure, properties and dyeing of spandex.(1)[J].
Dyeing and Finishing,2002,28 (11):30-35.

[2] Jewrajka S K, Yilgor E, Yilgor I, et al. Polyisobutylene - based
segmented polyureas.l. Synthesis of hydrolytically and oxidatively
stable polyureas[J]. Journal of Polymer Science Part A: Polymer
Chemistry,2009,47(1):38-48.

[3] AREH HIBVEREBRAVE R BR8], SAC Tl R4 -
FIRBHIR, 2001 ,24(2):234-239.

Song Changchun. Microphase separation of thermoplastic
polyurethane elastomer[J]. Journal of HeFei University of
Technology: Natural Science Edition,2001,24 (2):234-239.

[4] Princi E, Vicini S, Castro K, et al. On the micro - phase separation
in waterborne polyurethanes[J]. Macromolecular Chemistry and
Physics,2009,210(10):879-889.

[5] “Yildirim E, Yurtsever M. The role of diisocyanate and soft
segment on the intersegmental interactions in urethane and urea
based segmented copolymers:a DFT study[J]. Computational and
Theoretical Chemistry,2014,1035:28-38.

[6] Schon P, Bagdi K, Molnéar K, et al. Quantitative mapping of
elastic moduli at the nanoscale in phase separated polyurethanes by
AFM][J]. European Polymer Journal,2011,47(4):692-698.

[7] Kojio K, Nonaka Y, Masubuchi T, et al. Effect of the
composition ratio of copolymerized poly (carbonate) glycol on
the microphase - separated structures and mechanical properties
of polyurethane elastomers[J]. Journal of Polymer Science Part
B:Polymer Physics,2004,42(24):4 4484 458.

[8] Chen Shaojun, Cao Qi, Jing Bo, et al. Effect of microphase - separa-
tion promoters on the shape - memory behavior of polyurethane[J].
Journal of Applied Polymer Science,2006,102(6):5224-5231.

[91 EFJe, WA, R 5 A | IR e i 0 0 75 e R R ik

PRI RS PERE [J]. AR T)lk,2013,28(4):44-46.
Wang Zilong, Fan Weibo, Che Yanhui, et al. Synthesis and
properties of aromatic polyurethane elastomer between benzene,
two amines and expanded chains [J]. Polyurethane Industry,2013,
28 (4):44-46.

[10] Yilgor I, Yilgor E, Das S, et al. Time - dependent morphology
development in segmented polyetherurea copolymers based
on aromatic diisocyanates[J]. Journal of Polymer Science Part
B:Polymer Physics,2009,47(5):471-483.

(] SKEE, A T = [ S R 2 SR A e s A o o5


杨超


92 TR RN 2017 4F, 565 45 45,55 12 1

5 PERE ST (0], 3R, 2012,22(3):52-55. Wang Jinhua. Study on quantitative methods of polyurethane

Zhang Zhiyi, Niu Huijun, Cui Yanyun. Study on the preparation infrared spectrum and behavior of aggregation structure[D]. Hefei:

and mechanical properties of different isocyanate type polyurethane University of Science and Technology of China,2007.

elastomers [J]. China Elastomerics,2012,22(3):52-55. [15] Princi E, Vicini S, Castro K, et al. On the micro - phase separation
[12] YontzDJ, Hsu S L. A mass spectrometry analysis of hard segment in waterborne polyurethanes[J]. Macromolecular Chemistry and

length distribution in polyurethanes[J]. Macromolecules, 2000, Physics,2009,210(10):879-889.

33(22):8415-8420. [16] Ertem S P, Yilgor E, Kosak C, et al. Effect of soft segment
[13] Bonart R, Miiller E H. Phase separation in urethane elastomers as molecular weight on tensile properties of poly (propylene oxide)

judged by low-angle X-ray scattering.Il.Experimental results[J]. based polyurethaneureas[J]. Polymer,2012,53(21):4 614-4 622.

Journal of Macromolecular Science: Physics, 1974, 10(2):345-357. [17] Nie Huifen, Li Minghai, Bansil R, et al. Structure and dynamics
[14] VE4AE . B BRLLAMGHE i H 7 e B IR LR G517 W BIFSE D). of a pentablock copolymer of polystyrene-polybutadiene in a

AR E R AR R, 2007, butadiene-selective solvent[J]. Polymer,2004,45(26):8 791-8 799.

R RR A
| RHRE

R O F R S B I8P, BESR B AHTRN, 18 sl WA, Y46 T 5, B T L SO m I 8 o R N A LS
EGADZR GEVEE SCIT A SURM AR i CGEVERGE ) A B BT AL . N ASILR B  2d s i At e T2
i, B —fa 2.

2 WHEX

JUR T HRBH AR AT SO R 000 EE B B8 30, T EARR 58— DO 44 Bk Rt =, 3 Fs I e s

(1) A48 B A o B0 oR TR ), Sl SC 3 14 080, — B 20 DU AR R 7 A T 12 7HE81)
AR AR BBV AR A EAMEE T AA R R o AR SRS PRI 6 SR AR E . PR NG S
(LIRS, 2 P sRRR , EEE S5 1) ) e R 7.

(2) 2 e SCHETR] o 18 SO B[ I R R T SCORISE SCH B, 47 28 LS (8 SR N ARy LAY, AT FORh FERE B, 17 ]
B B SR H R RBEAIESHE , BRI S M v SORISRE SR 2R ZOROR FHAGE VR 2R . BAREOR . e SCi
BB, WA LRI, — et AN A SRR . PP SR A A SEAS — 35, P SCIRTZELL 200 ~ 300 50 B, S ST 2]
W SCHEAZR 3~ 8 1.

(3) IE3Co IESCAHBIMARNL T4 1o J2 bR —E I BT HAARC T S =, RIS Z U A 2 IR0 =22 6] /N B
SRR, AR OB AIAR AT S a0 17, “107 A SO AR RS B AT B T B o A SR v

(4) B, PR B, TR A W] g — I PRI A P R 57 0 70 A 161 44, RN A 24 S I B S P74
ZRIE B AR N B, B0KE *.opg, *.dwe, *.eps “EA% XA BT QLR ARl —i& B A% . Al =2k — AR A
KPP IR PR — b SCERA

(5) B3k, LIAEE R A B i i 22500 SRR PR AN TS AR TF ek e 2 9 STk, AN RES DI A SCE g HTRY
(HAR RN JEUSCAY SR , 278 25 | G i SCik . 275 SCHREA — € OB, DFFE M SCE /D 10 R 0 S5 SCHRAY 35 SR 303
TS A EFRAHES , v 30225 SCHREAT N BESCH (BESCH AN S o TCIRFPANSCIINER , —HER AT 445 iR X
Fow AFE AR 3 NI AT iR b, il 3 NI, SRR 3 7, HUG AN 48" 8 “etal”, ZRAZRIE SIS SOk 00 F
AL, i S WASTIA SR HSCTRER . AR IS | SCHR I HERPE M 2 B 1157
3 #RAR

TR B TR (http:/www.epal973.com), HEAZREALZ T, ity W L4300 S8R o ORI W TR Mk |
FLIE R SRS S, (8 Tl R o —fe— A Ze A7 n] AR O BRI B 3 A RN EME R DL ek [l S g T [ A7 Ak B
4 EEEM

i R A BB 2, TR AR ST IR S , AP C A NS5 R e . R — 2k, K ) i i ol i ¢
VEEEAERUE I S 5 A FIR I — PR 2R o AN R R e ss e BRI P T, 75 KR R [ 2


杨超




