Theories and Applications: of Rheology, 2003 Vol. 7, No. 1 61

d7tay Y fdad fd JAd vE FAY Zoje 9%

oldls, A4, BYF
Asdsta #7485y

Effects of the Hard Segment Length on the Rheological
Properties of Thermoplastic Polyurethanes

Dai Soo Lee, Seong Geun Kim, and Hyeong Joo Kim
School of Environmental & Chemical Engineering,
Chonbuk National University,

1. A&

d7144 %298 e (Thermoplastic polyurethane: TPU)S QAR AAR=Z
°] %] segmented block copolymerelwt. A&} AR &4l WoiA
oA AEEE Bt 2. EL2 FAE dFRE Z929 f¥ EAF
of wet AdEo] AAFHW, o]hAolyolES HAZAR FAEARE BEFE 9=
T8 stagkol wet JFeol A HG. wEpA TPUY AL AgE 7] 832
I AARe} AHE Alolo] ARl uiel ZAMEGD AT ZejEEd WEe A
£33l AAR Zdols WIAA AXF TPUY €3 A7 2 7143 AHA4& *
AR A3t BAR o] FU A BAARE ZHolE FUHAIIIWE dARe} AA
Fol ARzt #7186l strain induced crystallizatione] & g-& B3l oh
(Kim et al, 2002). & 3oAe dAS 2R FZFddA g ZAF HolE
7HAl= TPUY #F¥8A Add diste] 45 B3

2. 4%

TPU A Zd £AZ AEE N N-dimethylformamide(DMF, Showa Chem.)$t
1,4-butanediol(BD, Showa Chem.)& 4A EAAE o]&3to 29 T F=&#2 A
Z3lg e, poly(tetramethylene ether glyco)(PTMEG: Mn=1000, Aldrich
Chem.)& 0.ImmHg, 70ColA I F AZR7|E o] &d FEE HAR3lo] AL}
%t} 4,4’ -diphenylmethane diisocyanate(MDI, Kumho Mitsui Chem.)& A& ¥

oz A gstdch A% PTMEGE 478 %87]9] ¥ NCO®| $ueg
Ael7) gatel Ax A BA7IN LEE 0TS FA T el



62 A o7 S8 A7W A LT 20034

MDI¢t ®EEAIA Fdde] NCOE 7HAE ZEYrE ARt ASTM
D2572-80 ¥¥el wal n-butylamined o] &3 ﬁ@’éﬂé% Abgste] ZE ZE
o] mghg NCO &35 4&d gho] o]2X o &3 F 60CA DMFe &%
H BDE %4&4 u}a} H7tste] A NS %EOFE’?E}. FT-IRS o] &3¢
2270cm™'e] NCO & Afw} Al S BEslm of 082S o w3 F kg
< Z5390. 2188 FFL 20wt%E dAA AT Table 1°ﬂ BAER 4
ol& W3A]F17] Y3l 7‘72'} E H 2 Az" TPUY EAFE JetiA.
A H L GPCE o] 43t FA3A Table 1904 PTM-19]A4 PTM 58 #
2 AAR Holt FIe TPU%‘% g 9, o]E9 EAHS Z Aol flE
Ao B 4 dAuth. Ax" TPUY F3sH HAE 2317 9389 cone &
plate rheometer(Weissenberg Rheogoniometer R21, Carry-med)E& o]-£&3}o]
190C <} 200Co A ZHZ Ao, & Ho}';{]g Asty AA 71F oA
Fsttt. TPU £99 1/H3IEE  25CoA EA &A= A (Ubbelhde
viscometer) & At§3le] FA AT

3.7 9 £

HLMEE AFE3tY 190TCAA SA AdAdTg A3 &4
ettt HAR e Zolst 7‘7}?‘%““ wat 190ColA HE< XVJ %"é%
78 Buth dwtzdoew mExe ExFo] FE3 A BRI JHo
UEtYe Ao % 222 §849 A=Y dAE o
d &3 4 QtHErich et al, 1956). K= o]t}

n= KM% e (1

Fig. 1914 #&A5= TPUY ME F7les fzhe] Bzt Xfolo wrE 2(1)d A
o oA g Bod A Jebwgth H2 Yoond £§4EY TPUANME ZAAR A}
olo] FAAT wWE JE ITA FAo wel dAAEYG FEYE o] Fo] AT
o e} ¥xo F718 HJYz: B3udAH(Yoon et al, 2000). weA B A7
AME HE F7H7F BEH7] A —’:?é% ‘_E'LO}%IE} Fig. 13} 2014 @2 =&
AAR &z 27}l nE IAx 9 «] =} AgE Z7e 7:1/\]34,}9,]-‘— 25 7
AR Zo] FItd wE ¢Y "7}01] 71\1{ Edo=w B F 9v. wals TPU
Al A3 54 Z:*}o}“ Weto g olEe 1F HEE FAH3}L, FuLA
ofl A —‘:r'—z}\_ Ago] AlREE dA FE( )-E— T3 ew, 1 A34E Table 29

mlo
E'J
}Z

et Atk Table 2014 C'& 2 @A 4 S o] &3l 33 gtolth,
«_ 30
C 47N 4[ 7] 2)
A ()l Nat olH7l=EZ 4= 0= Flory A%< 3.1x10%¢]t}. Table 2014

AAR Yolrt Esbgel weh Ol @e AT = 0 FAYE AA



Theories and Applications of Rheology, 2003 Vol. 7, No. 1 63

TPUL 3e BEolA EX3F 180l B71313}0], bulk Feield 22§13l
Z7lge ¥ 4 Atk WA Figls 2004 BRE AAR do| Frto) me A
E 2 A% B4E F7h 24 939 37k /s Rez ¥ & vk

4. FnF3

P. J. Yoon and C. D. Han, 2000, Effect of Thermal History on the Rheological
Behavior of Thermoplastic Polyurethanes, Macromolecules, 33, 2171-2183.

S. K. Kim and D. S. Lee, 2002, Effect of Polymerization Precedure on
Thermal and Mechanical Properties of Polyether Based Thermoplastic
Polyurethane, Macromolecular Research, 10, 365-368.

T. G. Fox, S. Grath, and S. Loshaek, 1956, Rheology-Theory and
Applications, edt. by F. R. Erich, Chap. 12, Vol. 1, Academic Press, New
York.

Table 1. Sample codes and molar feed ratios for TPUs of various structures
in a same chemical composition

Prepolymer Chain extension | Typical segment Molecular

Sarréple (1st step) (2nd step) structure” Weight
€% Ipolyol MDI MDI  BD Hard Soft | Mw Mn
PTM-1|1.0000 2.0000 - 1.0000 | M(BM); P 38600 8,400

PTM-2|1.0000 15000 0.5000 1.0000 | M(BM): P(MP), [43,400 7,700
PTM-3|1.0000 1.2500 0.7500 1.0000 | M(BM)s P(MP); |54,000 7,700
PTM-4|1.0000 1.1250 0.8750 1.0000 | M(BM)s P(MP)7 |56,400 6,600
PTM-5|1.0000 1.0625 0.9375 1.0000 | M(BM)is P(MP)5/54,200 7,100

1) M, B, and P denote MDI, BD, and PTMEG respectively

Table 2. Solution properties of the various TPUs in DMF at 25T

Sample code [n] o
PTM-1 34.47 0.03673
PTM-2 42.24 0.02910
PTM-3 48.27 0.02547
PTM-4 53.64 0.02292
PTM-5 60.26 0.02040
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Fig. 1. Flow curves of various TPUs at 190C :(m)PTM-1; (e)PTM-2;
(4)PTM-3; (v)PTM-4; (¢)PTM-5.
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Fig. 2. Storage modulus (G') versus frequency for various TPUs at 190C :
(m)PTM-1; (®)PTM-2; (4)PTM-3; (v)PTM-4; (¢ )PTM-5.



