Polymer(Korea) Vol. 21, No. 3, pp 467-479(1997)

S-S DAL B T3] Wbl Exk i 2
e Fxo v 9%

& -0 F AN F @
dsthsha A3, *54 T&C $FIT2
(19964 124 26 H4)

Orientation and Phase Separated Structure of
Polyurethanes Having Various Chemical Structures

So Ra Yoo, Han Sup Lee ', and Seung Won Seo*
Department of Textile Engineering, Inha University, Inchon 402-751, Korea
*Hyosung T&C, Central Research Institute
(Received December 26, 1996)

2 of: el g-aete] FR-Z479 ABHAE BAF7) 98 4,4"-methylenebis(phenyl iso-
cyanate) (MDI)-butanediol (BD)2] hard segment F+ MDI-propylenediamine (PDA) <]
hard segment9} t}fdt B-zl3ke) soft segment® o]FojR Za]-#ete AE3H ). Soft seg-
ment2+= Eajgko] 650-2500 g/molq] poly(tetramethylene oxide) (PTMQO)E A3l
soft segment®] Zo] W3lo)] wW& A4l JAy} 43 JHo HIE FAUT. F4 AsS dF
7] ¢&lA FT-IR, #1533 n|7, Synchrotron X-ray, Instron $& o]&3lg 1 DSC, FT-IR,
Synchrotron X-ray 5& %3ld €3 <¢E4E& ZH3Art Diamineo] JA3A 2 =Yd £
oL diolo] E¢E AR O & A2 S Bgon hard domaine] EYNE o wol
). Soft segmente] Hz}&F xto]= domain TZ2| xjolE WAYAIH T 22 <&l w3 AF9]
zlo|¥Ent ofe}l EE AP AAME Ao]E AE3IH T

ABSTRACT: Two sets of polyurethanes were prepared with 4,4 -methylenebis(phenyl isocya-
nate) (MDI), poly(tetramethylene oxide) (PTMO) of various molecular weight and either bu-
tane diol (BD) or propylene diamine (PDA) as a chain extender. The deformation behavior
and thermal stability of the polyurethanes were investigated by changing the molecular
weight of the soft segment in the range of 650-2500 g/mol and the type of the chain extend-
er. FT-IR spectroscopy, polarized optical microscopy, Synchrotron X-ray, Instron and DSC
were used for those purposes. The polyurethanes having diamine chain extender exhibited
greater degree of phase separation and better thermal stability than those having diol chain
extender. It was observed that the deformation and thermal properties of the polyurethanes
were strongly affected by the molecular weight of the soft segment. The correlation between
the internal structure of the polyurethanes and the molecular weight of the soft segment was
investigated.
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Table 1. Sample Name and Properties

sample name chain extender polyol mol. wt. HS content (wt%)

BD650 butanediol PTMO 650 50.3
BD1500 " PTMO 1500 29.9
BD2500 ” PTMO 2500 20.2
PDA650  propylenediamine PTMO 650 49.7
PDA1500 " PTMO 1500 293
PDA2500 " PTMO 2500 19.8

HS: Hard segment.
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Figure 1. Chemical structure of polyurethanes. (a) BD series polyurethane and (b) PDA series polyurethane.

Figure 2. Schematic hard domain structure having
different hard segment contents. (a) Isolated domain
structure and (b) interconnected domain structure.
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Figure 5. FT-IR spectra of polyurethanes.

Table 2. The Band Assignments and the Angle of
the Transition Dipole Moment to the Chain Axis
(@) of Selected IR Bands®!

wavenumbers .
(em™) assignment o[ degree]
2945 C-H asymmetric stretching, main- 90
ly SS
2853 C-H symmetric stretching, mainly 90
SS

1732 Non H-bonded C=0 stretching in 78
urethane, SS
1703 H bonded C=0 stretching in ure- 78
thane, HS
1635 H bonded C=0 stretching in urea, 90
HS
SS: Soft Segment, HS: Hard segment. H: Hydrogen.
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Figure 6. Orientation function (f) of 1703cm™ (@)
and 1732cm™ (O) bands of BD650 as a function of
draw ratio (—: deformation, < relaxation).
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Figure 7. Orientation function (f) of 1703cm™, (@)
and 1732 cm™, (O) bands of BD1500 as a function of
draw ratio (—: deformation, < relaxation).
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Figure 8. Orientation function (f) of 1703cm™, (@)
and 1732 cm™, (O) bands of BD2500 as a function of
draw ratio (—: deformation, < relaxation).
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Figure 9. Orientation function () of 1635 cm™, (@)
and 2926 cm™, (Q) bands of PDA650 as a function of
draw ratio (—: deformation, < relaxation).
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Figure 10. Orientation function (f) of 1635 cm™!, (@)
and 2926 cm™, (O) bands of PDA1500 as a function of
draw ratio (—: deformation, < relaxation).
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Figure 12. Birefringence values of BD series as a
function of draw ratio, (@) BD650, (O) BD1500, (%)
BD2500 (—: deformation, < relaxation).
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Figure 13. Birefringence values of PDA series as a
function of draw ratio, (@) PDA650, (O) PDAL500,
(3%) PDA2500 (—: deformation, < relaxation).
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