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Abstract

The solution and solid state '*C NMR spectra of six 4,4'-methylenebis-
(phenylisocyanate)/1,4-butanediol/poly(tetramethylene ether glycol) based
poly(ether)urethane thermoplastic elastomers (TPEs) are presented. The spectra
confirm that all six TPEs were synthesized from the same diisocyanate/diol/polyether
glycol starting materials. Changes in the relative proportions of the starting materials
were reflected in the intensity of carbon resonances associated with the urethane rich
(diisocyanate rich) and polyether glycol rich portions of the polymer. Changes in the
ratio of the intensities of carbons were found to correlate with the Shore D hardness of
the polymers. A Goldman-Shen experiment was conducted on three of the TPEs. The
results suggest that the Elastollan 1164D sample had larger interdomain spacing and
therefore a greater degree of phase separation than the Texin 970D and Texin 950D
samples.

Résumeé

On présente les spectres RMN '*C de six élastoméres thermoplastiques de
poly(éther)uréthanes (TPE), a base de 4,4'-méthylénebis(phénylisocyanate), de
butane-1,4-diol et de poly(éther tétraméthylénique de glycol), en solution et a I’état
solide. Les spectres confirment que ces six TPE ont été synthétisés a partir du méme
mélange de départ constitué de diisocyanate/diol/poly(éther de glycol). Les variations
des proportions relatives des diverses matiéres de départ étaient reflétées par
I’intensité des pics de résonance du carbone associés aux parties du polymere riches
en uréthane (riche en diisocyanate) et a celles riches en poly(éther de glycol). On a
trouvé que les variations du rapport des intensités des pics correspondaient a celles de
la dureté Shore D des polymeéres. On a réalisé une expérience de type Goldman-Shen
sur trois de ces TPE. Les résultats obtenus amenent a penser que 1’échantillon
d’Elastollan 1164D avait un espacement interdomaine plus grand et donc un plus haut
degré de séparation des phases que ceux des échantillons de Texin 970D et de Texin
950D.
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Executive summary

Introduction

Poly(ether)urethanes are segmented block copolymers that consist of urethane rich
hard segments and poly(ether glycol) rich soft segments. The alternating hard (A)
and soft (B) segments result in a block copolymer with the structure (AB),. The hard
and soft segments of poly(ether)urethane elastomers are chemically incompatible.
This results in separation of the hard and soft phases of the polymer. The degree of
phase separation depends on a number of parameters including the relative proportion
of hard and soft segments in the polymer, the method used to synthesize the polymer,
and the molecular weight of the poly(ether glycol).

Poly(ether)urethane thermoplastic elastomers (TPEs) have properties that make them
ideal candidates for a number of defence applications. By varying the nature and ratio
of the material used in their preparation (diisocyanate/poly(ether glycol/diol), TPEs
with a broad range of properties can be prepared. Characterization of these materials
is of great importance because of the direct relationship between their structure and
properties. In this paper, '’C nuclear magnetic resonance (NMR) is used to
characterize six commercial poly(ether)urethane TPEs.

Principal Results

The solution and solid state "*C NMR spectra of six poly(ether)urethanes are
presented and discussed with respect to their chemical composition. Chemical shift
data for the unique carbons in these samples indicated that all were 4-4'-methylenebis-
(phenylisocyanate)/poly(tetramethylene ether glycol/1,4-butanediol based TPEs. The
intensities of carbons in similar chemical environments in the hard and soft segments
of these polymers are related to the percentages of hard and soft segments in the
polymers. The ratio of the intensities of these carbons correlated well with the
hardness of the samples. The results of the Goldman-Shen experiment suggest that
the Elastollan 1164D sample had a larger hard segment domain size than either the
Texin 950D or the Texin 970D samples. This is most likely due to different synthesis
methods used to prepare the Elastollan 1164D and Texin 950D and Texin 970D
samples.

Significance of Results

The "*C NMR results compliment those acquired using infrared spectrometry,
pyrolysis gas chromatography, dynamic mechanical analysis and differential scanning
calorimetry. The results of the Goldman-Shen experiment suggest that '*C NMR may
provide a method of assessing differences in TPEs resulting from phase separation
and hard segment domain size.

DREA TM 2001-101 i
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Sommaire

Introduction

Les poly(éther)uréthanes sont des copolymeéres séquencés segmentés, constitués de
segments durs riches en uréthane et de segments mous riches en poly(éther de
glycol). L’alternance des segments durs (A) et mous (B) donne un copolymére
séquencé de structure (AB),. Les segments durs et mous des élastoméres de
poly(éther)uréthane sont chimiquement incompatibles, ce qui conduit 4 une séparation
des phases dure et molle du polymére. Le degré de séparation de ces phases dépend
d’un certain nombre de paramétres, parmi lesquels la proportion relative de segments
durs et mous présents dans le polymere, 1a méthode utilisée pour synthétiser le
polymeére et le poids moléculaire du poly(éther de glycol) de départ.

Les élastomeéres thermoplastiques de poly(éther)uréthane (TPE) possédent des
propriétés qui en font des candidats idéaux pour un certain nombre d’applications
dans le domaine de la défense. En faisant varier la nature et la composition des
mélanges (diisocyanate/poly(éther de glycol)/diol) de départ, on peut préparer des
TPE présentant des propriétés trés diverses. Etant donné la relation directe existant
entre la structure et les propriétés de ces matériaux, leur caractérisation est trés
importante. Dans cet article, on décrit la caractérisation de six TPE commerciaux a
base de poly(éther)uréthane par résonance magnétique nucléaire (RMN) du *C.
Principaux résultats

On présente les spectres RMN °C de six poly(éther)uréthanes en solution et 4 I’état
solide et on les interpréte en fonction de la composition chimique des composés. Les
données sur le déplacement chimique relatif aux atomes de carbone particuliers de ces
¢chantillons indiquent que ce sont tous des TPE a base de 4,4'-
méthylenebis(phénylisocyanate), de poly(éther tétraméthylénique de glycol) et de
butane-1,4-diol. Les intensités des pics des atomes de carbone dans des
environnements chimiques similaires dans les segments durs et mous de ces
polymeéres correspondent aux pourcentages de segments durs et mous présents dans
ces polyméres. Le rapport entre les intensités des pics dus a ces atomes de carbone
correspond de maniére étroite a la dureté de ces échantillons. Les résultats obtenus
avec I’expérience de type Goldman-Shen aménent a penser que 1’échantillon
d’Elastollan 1164D comporte un domaine de segments durs de plus grande taille que
ceux des échantillons de Texin 950D ou de Texin 970D. Ceci est trés probablement
di aux différentes méthodes de synthése employées pour préparer ces différents
échantillons.

Importance des résultats

Les résultats obtenus par RMN "°C viennent compléter ceux obtenus par
spectrométrie infrarouge, chromatographie a pyrolyse, analyse mécanique dynamique
et calorimétrie différentielle a balayage. Les résultats de I’expérience de type
Goldman-Shen aménent 2 penser que la RMN '*C pourrait fournir une méthode
d’évaluation des différences entre les TPE, provenant de la séparation des phases et de
la taille du domaine de segments durs.

DREA T™M 2001-101 v
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Introduction

Poly(ether)urethanes are segmented block copolymers that consist of urethane rich
hard segments and poly(ether glycol) rich soft segments. The alternating hard (A)
and soft (B) segments result in a block copolymer with the structure (AB),. The hard
and soft segments of poly(ether)urethane elastomers are chemically incompatible.
This results in separation of the hard and soft phases of the polymer [1]. The degree
of phase separation depends on a number of parameters including the relative
proportion of hard and soft segments in the polymer, the method used to synthesize
the polymer [2], and the molecular weight of the poly(ether glycol) [3].

Miller et. al. [2] observed that poly(ether)urethanes containing the same amounts of
diisocyanate, poly(ether glycol) and chain extender, but synthesized in a single or
multi-step process, exhibited different levels of phase mixing. The multi-step
synthesis of 4,4"-methylenebis-(phenylisocyanate) (MDI)/poly(ether
glycol)/butanediol thermoplastic elastomers (TPEs) resulted in a greater percentage of
hard segments containing a single MDI unit than the single step synthesis. The
increased solubility of the shorter hard segments in the soft phase resulted in increased
mixing of hard and soft segments. This in turn led to an increase in the glass
transition temperature of the soft phase. Li et. al. [3] observed for a series of
MDI/poly(ether glycol)/diol polymers that the glass transition temperature of the

TPEs decreased with increasing polyether glycol molecular weight.

In an earlier paper, the results of the characterization of six commercial
poly(ether)urethanes using infrared analysis, pyrolysis gas chromatography/mass
spectrometry, dynamic mechanical analysis (DMA), and differential scanning
calorimetry (DSC) were reported [4]. Analysis indicated that the elastomers were all
MDI/poly(tetramethylene ether glycol)/1,4-butanedol based TPEs. In addition, the

analysis indicated that TPEs with similar chemical compositions, that is, similar ratios

DREA T™ 2001-101 1
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of diisocyanate, poly(ether glycol), and diol, exhibited different DMA and DSC
responses. These were attributed to differences in the degree of phase

mixing/separation in the individual TPEs.

In this paper the characterization of the six poly(ether)urethane TPEs using solution
and solid state '*C nuclear magnetic resonance (NMR) spectroscopy is reported. A
major objective of this study was to determine if '>’C NMR spectroscopy could
provide insight into the differences in the chemistry and structure of these TPEs.
Goldman-Shen experiments [5], which have been used to study phase separation [6]
and morphology [7] in segmented copolymers, were carried out on three of the TPEs

in an attempt to elucidate differences in their structures.

2 DREA TM 2001-101
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Experimental

Materials

Texin 990A, Texin 950D, and Texin 970D, were supplied by Bayer Polymers,
Etobicoke, Ontario, Elastollan 1195A and Elastollan 1164D were supplied by BASF
Corporation-Polymers, Wyandotte, Michigan, and Estane 58300 was supplied by B.
F. Goodrich, Cleveland, Ohio. The Shore Type A or Shore Type D Durometer

hardness of the six thermoplastic elastomers is shown in Table 1.

Table 1. Manufacturer, trade name, and Shore Durometer hardness of
the thermoplastic poly(ether)urethane elastomers.

MANUFACTURER | TRADE NAME | SHORE HARDNESS
Bayer Polymers Texin 990A 90A
Bayer Polymers Texin 950D 50D
Bayer Polymers Texin 970D 70D
BASF Plastics Elastollan 1195A 95A
BASEF Plastics Elastollan 1164D 64D
B. F. Goodrich Estane 58300 80A

Solution *C NMR Spectroscopy

Solution '*C NMR spectra were acquired on a Bruker AC-250 (250 MHz H-1/62.9
MHz for *C) NMR spectrometer. The TPEs, with the exception of Estane 58300,
were run in deuterated dimethylacetamide. Estane 58300 was run in deuterated
dimethylformamide. A 5 mm probe was used for all solution NMR spectroscopy.
Typically 1000 scans were acquired using composite pulse decoupling. The pulse
width was 5 ps, the relaxation delay 1s, and the acquisition time was 1.05 s (16K real

points over a sweep width of 15.625 kHz).

DREA T™ 2001-101
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Solid State '*C NMR Spectroscopy

Solid state '*C NMR spectra were acquired on a Bruker AMX-400 (100.6 MHz for
13C) NMR spectrometer. TPEs samples were powdered and run in a Bruker 4 mm
MAS (magic-angle spinning) triple-resonance probe. The pulse sequence involved
cross-polarization (CP) with high-power decoupling. For the cross-polarization, the
proton 90 degree pulse was typically 4.5 ps with a contact time of 5 ms. The
acquisition time was 25.4 ms, the relaxation delay was 5.0 s, and the sweep width was

80645 Hz. Samples were spun at 10 kHz.

The Goldman-Shen experiments were carried out on a Bruker AMX-400 NMR
Spectrometer (100.6 MHz for °C). The samples were prepared in the same manner as
the solid state samples and run in a Bruker 4 mm MAS triple-resonance probe. The
pulse sequence is shown in Figure 1. Samples were spun at 10 kHz. The acquisition
time was 25.4 ms. 1300 scans were acquired using a sweep width of 800 ppm (80645
Hz) and a relaxation delay of 4 sec. A dephasing delay of 70 us was followed by 12
cross-relaxation delays ( spin diffusion times of 0.01 ms, 0.05 ms, 1.00 ms, 2.00 ms,

4.00 ms, 8.00 ms, 12.00 ms, 16.00 ms, 20.00 ms, 30.00 ms, 50.00 ms, and 90.00 ms).

o 90° 90°
Cross
Polarization
Filter Spin diffusion Decouple
1H
4us 70us 4us 4ps 1ms
Detection
Cross
Polarization
13C

Figure 1. Goldman-Shen pulse sequence. The dephasing delay of 70 ms
was followed by 12 cross-relaxation delays.
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Results and Discussion
Solution *C NMR Spectra

The proton decoupled solution *C NMR spectra of the six TPEs are shown in Figures
2 through 7. The structures of the hard and soft segments of the
MDUI/poly(tetramethylene ether glycol)/butanediol based poly(ether)urethanes are
shown in Figure 8. The chemical shifts of the ten unique carbons in these
poly(ether)urethanes, designated C-1 through C-10 in Figure 8, are listed in Table 2.
Chemical shifts of the carbons were assigned on the basis of calculated chemical shift

data and published chemical shifts for carbons in similar environments.

The resonances centered at 21.7 ppm, 34.7 ppm, 37.5 ppm and the resonance at 171.0
ppm in Figures 2 through 6 arise from the solvent, deuterated dimethylacetamide. As
was noted in the Experimental Section, Estane 58300 was run in deuterated

dimethylformamide. The resonances centered at 30.6 ppm , 35.7 ppm and 163.2 ppm

in Figure 7 are due to deuterated dimethylformamide.

Table 2. Carbon chemical shifts for the six poly(ether)urethanes.
Carbons are assigned as indicated in Figure 7.

SAMPLE/ 1 2 3 4 5 6 7 8 9 10
CARBON

#
Texin 990A | 41.76 | 137.10 | 13045 | 119.82 | 139.45 | 15543 | 65.32 27.19 71.77 | 28.11

ppm

Texin 950D | 41.73 | 137.10 | 13045 | 119.82 | 13943 | 15543 | 65.32 27.18 71.76 28.11

Texin 970D | 4173 | 137.15 | 130.44 | 119.83 | 13942 | 15542 | 65.30 27.18 71.76 28.09

Elastoilan 41.76 | 137.10 | 13045 | 119.82 | 139.45 | 155.43 | 65.32 27.20 71.77 28.11
1195A

Elastollan 41.73 | 137.16 | 13045 | 119.82 | 139.44 | 15543 | 65.31 27.17 71.75 28.09
1164D

Estane ND 136.87 | 130.07 | 119.58 | 138.86 | 155.07 | 63.03 26.70 7130 27.63
58300
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Figure 2. Proton decoupled solution *C NMR spectrum of Texin 990A
thermoplastic elastomer. The solvent was deuterated
dimethylacetamide.
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Figure 3. Proton decoupled solution *C NMR spectrum of Texin 950 D
thermoplastic elastomer. The solvent was deuterated
dimethylacetamide.
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Figure 4. Proton decoupled solution ">C NMR spectrum of Texin 970D
thermoplastic elastomer. The solvent was deuterated
dimethylacetamide.
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Figure 5. Proton decoupled solution °C NMR spectrum of Elastollan
1195A thermoplastic elastomer. The solvent was deuterated
dimethylacetamide..
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Figure 6. Proton decoupled solution >C NMR spectrum of Elastollan
1164D thermoplastic elastomer. The solvent was deuterated
dimethylacetamide.
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Figure 7. Proton decoupled solution *C NMR spectrum of Estane 58300
thermoplastic elastomer. The solvent was deuterated
dimethylformamide.
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Figure 8. — Structures of the hard and soft segments of the
MDI/butanediol/poly(tetramethylene ether glycol) poly(ether)urethanes.
The numbers refer to carbons in unique chemical environments.

The chemical shifts of each of the distinct (equivalent) carbons were similar for the
six TPEs. For instance, the chemical shift of carbon C-1, the methylene carbon in the
hard segment portion of the polymer, varied between 41.73 ppm and 41.76 ppm for
the Texin and Elastollan samples. The chemical shifts of the Estane 58300 carbons
were slightly less than those for the Texin and Elastollan samples. For instance, the
chemical shift of carbon C-2 for Estane 58300 was 136.87 ppm while the chemical
shift for carbon C-2 of the other elastomers varied between 137.10 and 137.16 ppm.
As the Estane 58300 sample was run in deuterated dimethylformamide rather than

deuterated dimethylacetamide, the observed decrease may be due to solvent effects.

The chemical shifts of the carbons for the six TPEs confirm the results of infrared and
pyrolysis gas chromatography/mass spectrometry analysis of these elastomers. That
is, the starting materials used in their preparation were the same. Although the
chemical shifts for equivalent carbons vary little from elastomer to another, a

significant variation in the intensities of the carbon resonances was observed.

DREA T™ 2001-101 12
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The intensity of a carbon resonance is related to its abundance in the sample. The
intensities of the resonances arising from the O-C*Hj; carbons in the hard (C-7) and
soft (C-9) segments and the O-CH,C*H, carbons in the hard (C-8) and soft (C-10)
segments are related to the percentages of hard and soft segments in the sample. The
relative intensities of carbons C-7, C-8, C-9, and C-10, the ratios of the intensity of
carbon C-7 to carbon C-9 and carbon C-8 to carbon C-10, and the Shore D hardness
of the six TPEs are listed in Table 3. Comparison of the ratios of the intensities of
carbons C-7 to C-9 and carbons C-8 to C-10 for the Texin and Elastollan samples
indicates that the number of carbons in the hard segment of the polymer increases as

the hardness of the sample increases.

Plots of the ratio of the intensity of carbons C-7 to C-9 and C-8 to C-10 against Shore
D hardness are shown in Figures 9 and 10 respectively. The C7/C9 and C8/C10 ratios

were found to increase linearly with an increase with Shore D hardness.

Table 3. Relative intensities of carbons C-7, C-8, C-9 and C-10, ratios of intensities of C7/C9 and
C8/C10 and Shore D hardnesses of the poly(ether)urethanes.

SAMPLE/INTENSITY Cc7 C9 C7/C9 Ccs8 c10 C8/C10 | SHORE

HA'.JRD

NESS
Texin 990A 1.2 11.2 0.11 1.4 12.4 0.11 39
- Texin 950D 22 12.1 0.18 2.7 12.9 0.21 50
Texin 970D 32 114 0.28 4.0 12.7 0.32 70
Elastollan 1195A 1.5 11.0 0.14 1.9 12.3 0.16 46
- Elastollan 1164D 29 11.4 0.26 35 12.8 0.27 64
Estane 58300 1.0 133 0.08 1.1 12.8 0.09 29

DREA TM 2001-101 13
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Figure 9. — Plot of the ratio of intensity of carbons C-7 and C-9 against
Shore Type D Durometer hardness for the six TPEs.
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Figure 10. - Plot of the ratio of intensity of carbons C-8 and C-10 against
Shore Type D Durometer hardness for the six TPEs.

Solid State'*C NMR Spectra

The ">C NMR solid state spectra of the six TPEs are shown in Figures 11 through 16.
The "*C chemical shifts of the six TPEs are listed in Table 4. Eight carbon resonances
were observed for the Texin 950D, Texin 970D, Elastollan 1195A and the Elastollan
1164D samples. Comparison of the solid state and solution spectra indicates that the
C-8 and C-10 carbons and the C-2 and C-5 carbons are not resolved in the solid state
spectra. No resonance was observed for the C-1 carbon of the Texin 990A sample
while no resonances were observed for the C-1, C2-, C-3, C-4 and C-5 carbons of the

Estane 58300 sample. These resonances arise from the urethane rich portion (hard

DREA TM 2001-101 15
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segments) of the TPEs and their low intensity is indicative of the low concentration of

the hard segments in Texin 990A and Estane 58300 samples.

Table 4. Solid state>C NMR chemical shifts for TPE elastomers. Carbon
numbers are the same as those shown in Figure 7.

SAMPLE/CARBON # 1 2/5 3 4 6 7 8/10 9
Texin 990A ND 135.70 | 13042 | 121.11 | 15462 | 6599 | 2727 | 71.09
ppm

Texin 950D 4061 | 13638 | 13038 | 121.42 | 15440 | 6577 | 2706 | 7093
Texin 970D 4033 | 13720 | 12993 | 119.78 | 15461 | 6588 | 2720 | 71.12
Elastollan 1195A 4122 | 136.96 | 13028 | 121.83 | 154.64 | 6599 | 27.31 7144
Elastollan 1164D 40.80 | 137.27 | 13032 | 121.80 | 15466 | 6594 | 27.17 | 71.02
Estane 58300 ND ND ND ND 15465 | 6596 | 27.16 | 7096

ND - Not detected

As was noted for the solution NMR spectra, the intensities of the resonances are
proportional to the number of carbons in the sample giving rise to them and can be
used to determine the relative percentages of hard and soft segments in the sample.
The relative intensities of carbons C-7 and C-9, the ratios of the intensity of carbon C-

7 and carbon C-9 and the Shore D hardness of the six TPEs are listed in Table 5.

A plot of the ratio of the intensity of carbons C-7 and C-9 against Shore D hardness is
shown in Figures 17. In general, the C7/C9 ratio increased with an increase in Shore
D hardness. However, the ratio for Elastollan 1164D was greater than that for Texin
970D. It should be noted that the intensity not the area under the resonance peaks was
used for the ratio. The discrepancy for the Texin 970D and Elastollan 1164D samples
may result from differences in the peak widths. This in turn would cause differences

in the relationship between peak height and peak area.
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Figure 11. - Solid state >*C NMR spectrum of Texin 990A. The spectrum
was acquired using cross polarization with magic angle spinning and
high power proton decoupling.
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Figure 12. — Solid state *C NMR spectrum of Texin 950D. The spectrum
was acquired using cross polarization with magic angle spinning and
high power proton decoupling.
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Figure 13. — Solid state >°C NMR spectrum of Texin 970D. The spectrum
was acquired using cross polarization with magic angle spinning and
high power proton decoupling.
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Figure 14. - Solid state >C NMR spectrum of Elastollan 1195A. The
spectrum was acquired using cross polarization with magic angle
spinning and high power proton decoupling.
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Figure 15. — Solid state °C NMR spectrum of Elastollan 1164D. The
spectrum was acquired using cross polarization with magic angle
spinning and high power proton decoupling.
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Figure 16. — Solid state C NMR spectrum of Estane 58300. The
spectrum was acquired using cross polarization with magic angle
spinning and high power proton decoupling.
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Figure 17. — Plot of the ratio of intensity of carbons C-7 and C-9 against
Shore Type D Durometer hardness for the six TPEs.

Table 5. Relative intensities of carbons C-7 and C-9, ratio of intensity of
C7 and C9, and Shore D hardnesses of the poly(ether)urethanes.
SAMPLE C-7INTENSITY | C-9INTENSITY | RATIO C-7/C-9 SHORE D
HARDNESS
Texin 990A 13.0 54.0 0.24 39
Texin 950D 24.0 49.0 0.49 >0
Texn 70D 375 55.0 0.68 70
Elastollan 46
11954, 21.0 50.0 0.42
Elastollan 64
1164D 38.5 47.0 0.82
Estane 58300 3.0 53.0 0.15 29
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Goldman-Shen Experiment
The Goldman-Shen experiment was carried out to determine if this technique could be

used to study differences in the microstructure of chemically similar TPEs.

DMA and DSC analysis had indicated that there were differences in the
microstructures, and specifically the degree of phase separation, of the Elastollan
1164D and Texin 950D and Texin 970D samples [4]. For instance, Elastollan 1164D
had a glass transition temperature (Tg) of —18.6°C compared to -7.5°C for Texin 950D
and 34.8°C Texin 970D. Phase separated TPEs have been observed to have a lower
T, than a more phase mixed TPE with similar chemistry [3]. The Texin samples also
had broader loss modulus (E") versus temperature peaks than the Elastollan 1164D
sample. Broadening in the peak in a loss modulus versus temperature plot is also

indicative of increased phase mixing of the polymer [9].

DSC analysis confirmed that the Elastollan 1164D sample was less phase mixed than
the Texin samples. The DSC results also indicated that there were differences in the
long range order in the microcrystalline areas of the three polymers. The samples
had endothermic peaks in their thermograms that were attributed to the melting of
microcrystalline areas. However, the Elastollan 1164D sample had endothermic
peaks at higher temperatures that either the Texin 950D or Texin 970D sample. The
Elastollan 1164D sample also had a heat of crystallization that was significantly
higher than the Texin samples. This is consistent with more long range order in the
Elastollan 1164D sample resulting from increased phase separation. What was not
obvious from this analysis was why the Elastollan 1164D sample, which infrared and
pyrolysis gas chromatography/ mass spectrometry analysis indicated contained less

urethane rich hard segment than the Texin 970D sample, was a more phase separated

polymer.
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It was then postulated that the differences in the DMA and DSC results for the
Elastollan 1164D and Texin 950D and Texin 970D might be due to different synthesis
methods. .Miller et. al. [2] found that the method used to synthesize
poly(ether)urethanes had a significant effect on their degree of phase separation. A
one step synthesis produced a larger proportion of hard segments containing more
than one MDI unit than a multi-step synthesis. Hard segments containing more MDI
units are less soluble in the soft segments and therefore increase the degree of phase
separation. Also, one might expect that the larger hard segments would form larger
microcrystalline domains The Goldman-Shen experiment was carried out to
determine if there were differences in the hard segment domain sizes in the Elastollan

and Texin samples.

The experiment probes differences in the spin-spin relaxation properties of nuclei that
arise due to differences in the mobility of the hard and soft segments of the polymers.
The nuclei in the more rigid hard segments have a shorter T, relaxation time than the
nuclei in the more mobile soft segments. The experiment demagnetizes the nuclei in
the hard segment and monitors the rate of remagnetization of the hard segment nuclei
resulting from the magnetization diffusion from the soft segment nuclei. The rate of
spin diffusion depends on interdomain spacing and the interdomain spacing is
indicative of the degree of phase separation in the sample. A larger domain size is

associated with a slower rate of diffusion or a longer diffusion time.

The relationship between the diffusive path length (interdomain spacing), L, and the

diffusion time, T, are given by equation 1, where D is the diffusion coefficient [8].
<L*>~6D1 (1)

It can be seen from equation 1 that as the diffusion time increases (or the rate of

diffusion decreases) the interdomain spacing increases.
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The remagnetization of the hard segment O-CH; carbon (carbon C-7 in Figure 8) was
monitored in the experiment. Plots of the normalized intensity of the O-CH; carbon
(hard segment) against the square root of spin diffusion time (1) for Texin 950D,
Texin 970D and Elastollan 1164D is shown in Figure 18. Although the data shows
some scatter, the diffusion time for the Elastollan 1164D sample is longer than the
diffusion times for the Texin samples. This suggests that the interdomain spacing and
therefore the hard segment domain size is greater in the Elastollan 1164D sample than
in the Texin samples. This provides evidence that the difference in the DMA and

DSC results for these TPEs arise from differences in the synthetic method used in

their preparation.
= 100+ - - - ] -
© ] [ ] [ | ]
&%’ 0.80 - A%‘ o« & |
2 0.60 {—mf 43 -
N ® Elastollan1164D
= 0.40 ol MW Texin 970D
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o ‘
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Figure 18. Plot of normalized intensity of O-CH, carbon against the
square root of spin diffusion time for Texin 950D, Texin 970D and
Elastollan 1164D.
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Conclusions

The solution and solid state >C NMR spectra of six poly(ether)urethanes are
presented. Chemical shift data for the unique carbons in these samples indicate that
all were 4-4'-methylenebis-(phenylisocyanate)/poly(tetramethylene ether glycol/1,4-
butanediol based TPEs. The intensities of carbons in similar chemical environments
in the hard and soft segments of these polymers are related to the percentages of hard
and soft segments in the polymers. The ratio of the intensities of these carbons
correlates well with the hardness of the samples. The results of the Goldman-Shen
experiment suggest that the Elastollan 1164D sample had a larger hard segment
domain size than either the Texin 950D or the Texin 970D samples. This is most
likely due to different synthetic methods used to prepare the Elastollan and Texin

samples.

DREA T™ 2001-10t

27




P516697.PDF [Page: 43 of 46]

References

1. P.E. Gibson, M. A. Vallence and S. L. Cooper, Developments in Block
Copolymers, I. Goodman editor, Applied Science Series, page 217, Elsevier,
London (1982).

2. J. A Miller, S. B. Lin, K. S. Hwang, K. S. Wu, P. E. Gibson, and L. S. Cooper,
Macromolecules, 18, 32 (1985).

3. Y.Li, T. Gao, J Liu, K. Linliu, C. Richard Desper, and B. Chu, Macromolecules,
25, 7365, 1992.

4. John A. Hiltz, “Characterization of Poly(ether)urethane Thermoplastic
Elastomers”, DREA Technical Memorandum, DREA TM/98/222, August 1998.

5. M. Goldman and L. Shen, Physical Review, Volume 144, 321 (1966).
6. R. A. Assink and G. L. Wilkes, Polymer Engineering and Science, 17, 606 (1977).

7. J.I. Mardel, K. R. Chenoweth, M. E. Smith, C. H. J. Johnson, T. J. Bastow, and A.
J. Hill, Materials Science Forum, Vols 189-190, 173 (1995).

8. V. J. McBrierty, NMR Spectroscopy of Polymers in the Solid State, Page 410,
Chapter 19, Volume 1 of Comprehensive Polymer Science, G. Allen and J. C.
Bevington Editors, Pergamon Press, Toronto (1989).

9. T. Murayama, Dynamic Mechanical Analysis of Polymeric Material, Material
Science Monographs, 1, page 92, Elsevier, New York, (1978).

28 DREA TM 2001-101

[ s ——— s i e nines ot o — [



P516697.PDF [Page: 44 of 46]

)

i

UNCLASSIFIED

SECURITY CLASSIFICATION OF FORM
(tughest classificaon of Title, Abstract, Keywords)

DOCUMENT CONTROL DATA
(Secunty classication of ttie, body of abstract and indexing annotation must be entered when the overall document is classified)
I ORIGINATOR (the name and address of the orgamzation preparing the document. 2 SECURITY CLASSIFICATION
Orgamzations for whom the document was prepared, e g. Estabushment sponsoring a (overall secunty classificauon of the document
contractor’s report, or tasking agency, are entered in section 8 ) 1ncluding special warmng terms 1f applicable)
Defence Research Establishment Atlantic UNCLASSIFIED

PO Box 1012
Dartmouth, Nova Scotia, Canada B2Y 3Z7

3 TITLE {the complete document title as indicated on the title page. Its classification should be indicated by the approprnate
abbreviation (§,C.R or U) n parentheses after the title).
13 ' . .

C ~ NMR Spectroscopy of 4,4'-Methylenebis-(phenylisocyanate)/1,4-

Butanediol/Poly(tetramethylene ether glycol) Poly(ether)urethanes

4 AUTHORS (Last name, first name, muddle uutial. If mulitary, show rank, ¢ g Doe, Maj JohnE )
John A. Hiltz and Michael Lumsden

§ DATE OF PUBLICATION (month and year of publicaton of 6a NO OF PAGES (total 6b NO OF REFS (total cited
document) containing informauon Include 1n document)

Annexes, Appendices, etc)

July 2001 27 8

7  DESCRIPTIVE NOTES (the category of the d e g technical report, technucal note or memorandum If appropnate, enter the type of
report, ¢ g 1nterim, progress, summary, annual or final Give the inclusive dates when a specific reporung penod is covered)
TECHNICAL MEMORANDUM

8 SPONSORING ACTIVITY (the name of the department project office or laboratory sponsonng the research and development Include address)
Defence Research Establishment Atlantic

9a PROJECT OR GRANT NO (if appropriate, the applicable research 9b  CONTRACT NO (if appropnate, the applicable number under
and development project or grant number under which the document was which the document was written)
wntten Please specify whether project or grant)
11gh12

10a ORIGINATOR'S DOCUMENT NUMBER (the official document 10b OTHER DOCUMENT NOs (Any other numbers which may be
number by which the document 1s 1dentified by the onginatng activity, assigned this document esther by the originator or by the sponsor )
This pumber must be umque to this document.)
DREA TM 2001 -101

11 DOCUMENT AVAILABILITY (any limitations on further dissemination of the document, other than those imposed
by security classification)
( X)) Unlimited distribution
( ) Defence departments and defence contractors; further distribution only as approved
( ) Defence departments and Canadian defence contractors; further distribution only as approved
{ ) Government departments and agencies; further distribution only as approved
( ) Defence departments; further distribution only as approved
( ) Other (please specify):

2 DOCUMENT ANNOUNCEMENT (any limitation to the bibliographic announcement of thus document. Thus will normally correspond to the Document

Availability (11) However, where further distnbution (beyond the audience specified in (11) 1s possible, a wider announcement audience may be
selected)

Unlimited

UNCLASSIFIED

SECURITY CLASSIFICATION OF FORM

DCDO03 2/06/87-M/ DREA mod 17 Dec 1997




P516697.PDF [Page: 45 of 46]

UNCLASSIFIED

SECURITY CLASSIFICATION OF FORM
(hughest classification of Title, Abstract, Keywords)

13. ABSTRACT (a brief and factual summary of the document it may also appear elsewhere in the body of the document itself It 1s
highly desirabie that the abstract of classified documents be unclassified. Each paragraph of the abstract shall begin with an indication of
the security classification of the information in the paragraph (unless the document itseif is unclassified) represented as (S), (C), (R), or
(U) 1tis not necessary to include here abstracts in both official languages unless the text is bilingual)

The solution and solid state “C NMR spectra of six 4,4’-methylenebis-
(phenylisocyanate)/1,4-butanediol/poly(tetramethylene  ether  glycol)  based
poly(ether)urethane thermoplastic elastomers (TPEs) are presented. The spectra
confirm that all six TPEs were synthesized from the same diisocyanate/diol/polyether
glycol starting materials. Changes in the relative proportions of the starting materials
were reflected in the intensity of carbon resonances associated with the urethane rich
(diisocyanate rich) and polyether glycol rich portions of the polymer. Changes in the
ratio of the intensities of carbons were found to correlate with the Shore D hardness
of the polymers. A Goldman-Shen experiment was conducted on three of the TPEs.
The results suggest that the Elastollan 1164D sample had larger interdomain spacing
and therefore a greater degree of phase separation than the Texin 970D and Texin
950D samples.

14. KEYWORDS, DESCRIPTORS or IDENTIFIERS (technicalty meaningful terms or short phrases that charactenze a
document and could be helpful in cataloguing the document They should be selected so that no secunty classification ts required
Identifiers, such as equipment model designation, trade name, military project code name, geographic location may also be included
If possible keywords should be selected from a published thesaurus e g Thesaurus of Engineenng and Scientific Terms (TEST) and
that thesaurus-dentified 1f it not possible to select indexing terms which are Unclassified, the classification of each should be
indicated as with the title)

Poly(ether)urethanes

Nuclear magnetic resonance

C NMR

solution NMR

solid state NMR

4 4’-methylenebis(phenyl isocyanate) (MDI)
poly(tetramethylene ether glycol)
1,4-butanediol

UNCLASSIFIED

SECURITY CLASSIFICATION OF FORM

DCDO03 2/06/87-M/ DREA mod 17 Dec 1997




P516697.PDF [Page: 46 of 46]

Defence R&D Canada
is the national authority for providing
Science and Technology (S&T) leadership
in the advancement and maintenance

of Canada’s defence capabilities.

R et D pour la défense Canada
est responsable, au niveau national, pour
les sciences et la technologie (S et T)
au service de l'avancement et du maintien des

capacités de défense du Canada.

:‘Fél\o\oq:‘-

0A020037

DEFENCE ‘&V 'DEFENSE

(.

www.drdc-rddc.dnd.ca




