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Introduction 
Polyurethane is the important class of thermoplastic elastomer which 

finds wide variety of applications in industries.1 Generally thermoplastic 
polyurethanes were made up of PTMO as a soft and MDI-Diol as hard 
segment.2 The hard segment (HS) crystallinities are often low. Higher 
crystallinities of HS are obtained by using monodisperse HS. Copolymers 
with monodisperse HS have higher moduli, higher fracture strains and 
sharper melting transitions.2 A disadvantage of using monodisperse 
polyurethane and or urea segments is their ability to involve in 
transurethane reaction when subjected to high temperature processing.3 
However, polyurethanes that contain diurethane/diurea segments are less 
susceptible to the randomization by trans reactions. These diurethane/diurea 
segments are usually made with diamines4 but can also be made with 
diamine-diamides.5 A typical diamine-diamide extender studied is 6T6, 
based on the hexamethylediamine (HMDA) and terephthalic acid. 
Polyurethaneurea’s with diamine-diamide extenders have a high HS 
crystallinity, a high room temperature modulus, a sharp melting transition, 
good elastic behavior and are melt processable without loosing these 
specific properties.5 A special case of polyurethane copolymers are the 
triblock copolymers. Wilkes et al. studied PU triblock copolymers with the 
urethane group as the mid-block.6 The single urethane mid-segment in the 
copolymer was sufficient to give the material dimensional stability.  

The work which we are presenting here are triblock copolymers based 
on monodispersed monoamine-diamide (6T6m) hard segment. The 6T6m is 
similar to the structure of 6T6 but differ only in the functionality, thereby 
the results of the tri-block copolymer can be compared with a similar multi-
block copolymer The effect of hard segment content on the property of the 
triblock was investigated.   
 
Experimental 

Chemicals. Hexamethylenediamine, Hexylamine and N-methyl-2-
pyrrolidinone (NMP) were purchased from Aldrich. Methyl(4-
chlorocarbonyl)benzoyate (MCCB) was obtained from Dalian (No.2 
Organic Chemical Works, China). Poly(tetramethylene oxide) endcapped 
with MDI (2847 gmol-1) was received as a gift from Crompton Corporation. 
N,N-dimethylacetamide(anhydrous) was purchased from Aldrich.  

Synthesis of N-(aminohexyl)-N-hexylterephthalamide (6T6m). The 
monoamine-diamide (6T6m) was synthesized in a two step procedure. In 
the first step the intermediate T6m was synthesized from MCCB and hexyl 
amine and followed by synthesize of 6T6m from T6m and HMDA.  The 
6T6m had a Tm of 187oC. 1H-NMR (TFA-d, δ): 8.0 (4H, s, marked as ‘a’), 
3.8 (4H, t, marked as ‘b’), 3.4 (2H, s, marked as ‘c’), 2.0 (6H, m, marked as 
‘d’) 1.6 (10H, m, marked as ‘e’) and 1 (3H, t, marked as ‘f’).The purity of 
the hard segment (6T6m) was calculated from the f /c peak ratio. 

Synthesis of polyether(urethane-urea-amide) triblock copolymer 
(Scheme 1). As an example, the synthetic procedure of polymer y=3 is 
given. All polymerisations were carried out using a 250 mL stainless steel 
reactor, fitted with a glass lid, magnetic coupled stirrer and a nitrogen inlet. 
The prepolymer (20 g, 0.007 mol) and the extender (PTMO2000 (8.2 g,  
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Scheme 1. Chemical structure of triblock copolymer m6T6-MDI-(PTMO-
MDI)y-PTMO-MDI-6T6m. 

0.004 mol)) was weighed into the reactor, heated and kept at 80oC for 1 
hour while stirring. The 6T6m (2.0 g, 0.006 mol) was dissolved in 80 mL 
DMAc at 120oC and added to the reactor which was heated to 130oC prior 
to the addition of the rigid segment solution. The reaction was continued for 
4 hours at 130oC under nitrogen while stirring. Finally the solvent was 
stripped in vacuo (pressure < 2 mbar). The reactor was then slowly cooled, 
maintaining the low pressure. The copolymer obtained was transparent and 
slightly yellow coloured. 

1H NMR. 1H NMR spectra were recorded on a Bruker AC 300 
spectrophotometer at 300.1 MHz. Deuterated trifluoroacetic acid (TFA-d) 
was used as the solvent. 

Compression moulding. A Lauffer 40 press was used to press 
samples approximately 8.5 MPa at different temperatures. In advance 
approximately 2 g of polymer was grinded into small pieces and dried 
overnight. After preheating the press plates, the polymer pieces were spread 
out evenly in a bar-shaped mould (8x1.8x0.2cm). After cooling the resulting 
test bars were removed from the mould and used for DMA, Tensile and 
Compression set experiments. 

Melt rheology. Rheology measurement was carried out on a Paar 
Physica UDS200 rheometer with a Paar Physica TC 20 temperature control 
unit. A parallel plate set up was used with a fixed EHH-TEK 350 plate and 
MP 306 rotating plate. Dynamic frequency sweep was performed on the 
copolymer at different strain amplitude. 

Inherent viscosity, Compression set, tensile and DMA of the 
copolymers were measured according to the procedure given by Schuur et 
al.2 

 
Results and Discussion 

Novel monofunctional hard segment mono amine-diamide (6T6m) 
was synthesized in high purity (>95%) and used for the synthesize of 
polyether(urethane-urea-amide) triblock copolymer. The triblock copolymer 
was prepared by reacting the MDI end capped PTMO2000 (Mn = 2850 g/mol 
including MDI group) with the uniform hard segment 6T6m. The hard 
segment content was varied by extending the soft segment with the hydroxy 
terminated PTMO2000. By this way the soft segment length was increased 
from 2,000 to 12,000 g/mol and thereby the hard segment content was 
reduced from 34 to 9 wt% (Table 1). All the copolymers were transparent 
and could be moulded. The inherent viscosities increased with increasing 
soft segment length (SS). A plot of inherent viscosity vs. expected 
molecular weight (Figure 1) gives a straight line confirming that the 
synthesized triblock copolymer indeed has an expected molecular weight.  
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Figure 1. A plot of inherent viscosity vs. expected molecular weight. 
 
Table 1. Inherent viscosity and DMA results of triblock copolymer. 

Polymer
(Y)a 

Expected
Mol. Wt. 
(g/mol) 

ηinh 

(dl/g)
HSb 

(%) 
Tg 

(oC) 
Tflow 

(oC) 
Tflex 

(oC)
G'35°C 
(MPa)

tan  
δ 

(-) 
0 3500 0.13 34 -66 255 15 48 0.04
1 6000 0.32 20 -60 180 20 15 0.07
2 8400 0.39 14 -56 170 25 13 0.10
3 10800 0.47 11 -56 160 25 6 0.15
4 13200 0.60 9 -61 140 25 5 0.12

a Y = -(PTMO2000-MDI)- 
b HS = Hard segment (including MDI) 
 

DMA. The storage modulus vs temperature graph of triblock 
copolymer as measured on melt pressed samples was shown in the Figure 2 
(a). In all the composition the Tg was around  -60oC, which is very close to 
the Tg of the pure PTMO2900 confirming the very good phase separation of 
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monodispersed 6T6m from the soft matrix (Table 1). The temperature 
independent storage modulus shown by these triblock copolymers is due to 
the presence of uniform crystallisable 6T6m segments. The rubbery storage 
modulus of these triblock copolymers increases with increase in the hard 
segment content. The increase in storage modulus is due to the increase in 
crosslinking density and increasing reinforcing effect of the HS crystallites.2 
The Tflow of the triblock copolymer is sharp and increases with increase in 
the hard segment content as proposed by Flory.7 The sharp Tflow is the 
characteristic of the uniform crystallisable block. Apart from the polymer 
Y=0, the Tflow of all other polymers are well below 200°C, the degradation 
temperature of polyurethane.   
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            (a)      (b) 
Figure 2. The storage modulus curve of [a] triblock copolymers (■,34%; 
♦,20%;▼,14%;▲,11%;●,9% HS) and [b] comparative graph between the 
triblock and multiblock5 copolymers having 11% of hard segment : ■ , 
triblock; ▲, multiblock. 
 

The storage modulus at 35°C of the triblock copolymer was higher 
than the multiblock copolymer having the same percentage of hard segment 
(Figure 2b). The higher storage modulus may be due to the higher 
crystallinity and/or higher aspect ratio of the crystallites.2 The Tflow of the 
triblock copolymer was much lower than the Tflow of the multiblock 
copolymer. The decrease in the Tflow is probably due to the decrease in the 
crystal thickness of the hard segment.2 The thickness of the MDI-6T6-MDI 
based lamella structure will be higher than the MDI-6T6m. The difference 
in the crystalline thickness comes from the number of MDI units. Thus from 
the DMA it was clear that the 6T6m based triblock copolymer have a not 
too high melting temperature with a higher modulus than the 6T6 based 
multiblock copolymer. The 35°C storage moduli of the triblock copolymer 
show a strong increase with HS content (Figure 3). Such a strong increase is 
mainly due to the reinforcing effects of the HS crystallites.2 
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Figure 3. Effect of hard segment content on the storage modulus at 35°C. 
 

Compression set. The elastic property of the triblock copolymer was 
measured by the CS experiment performed at 40oC, above the possible 
melting temperature of PTMO (Table 2). The compression set value was 
low irrespective of the hard segment content. The CS value of the triblock 
contents was not deviated much with the multiblock copolymer even though 
the first has got a higher storage modulus and a lower molecular weight.  

Tensile property. The tensile properties of the triblock copolymers 
were studied using compression moulded bar cut to dumbbell (ISO 37 type 
2). These test samples are as yet far from optimal and presented are thus the 
first results. The E-modulus increases with increasing hard segment content 
and it follows the same trend as G-modulus measured by the DMA (Table 
2). Similar to E-modulus, the yield stress increases with increasing the hard 
segment content. The fracture stress and fracture strain of the triblock 
polyurethane increases with increasing the molecular weight. As the 

fracture strain crosses the 250%, the fracture stress increases enormously 
due to the strain hardening of soft segment. 

Table 2. Tensile properties of triblock copolymer. 
Polym. 

(Y)a 
ηinh 
dl/g 

G 
(MPa) 

E 
(MPa) 

εyield 
(%) 

σyield 
MPa 

εfracture 
(%) 

σfract. 
MPa 

CS40°c   
(%) 

0 0.13 48 113 brittle brittle 11 6 29 
1 0.32 15 43 38 4.0 103 5 24 
2 0.39 13 42 25 2.2 42 3 25 
3 0.47 6 21 46 1.7 136 2 21 
4 0.60 5 12 44 1.1 834 9 30 

a Y = -(PTMO2000-MDI)- 
For a copolymer molecular weight of 6000 g/mol the fracture strain are 
already above 100%.  
 

Melt rheology. The storage and loss modulus of the triblock 
copolymer Y=3 was presented in the Figure 5a. The modulus of the 
polymer is decreasing with decreasing the oscillation frequency and the 
crossover point occur at low frequency. The low terminal slope of the 
modulus confirms the presence of ordered arrangement in the melt. The 
ordered arrangement of the polymer chain may be due to the presence of 
hard segment at the end of the polymer chain and/or due to the hydrogen 
bonding. The ordered arrangement in the melt was further confirmed by the 
effect frequency on the complex viscosity (Figure 5b). As the strain 
increases, the complex viscosity decreases sharply. A sharp decrease in the 
complex viscosity on increases in the frequency was further confirming the 
possible network structure in the melt.  
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              (a)                       (b) 
Figure 5. Melt rheology behavior of triblock copolymer Y=3 as a function 
of frequency and 5% strain at 180 °C:  (a) ♦, G’; ■, G’’; (b)▲, complex 
viscosity. 
 
Conclusions 

Novel hard segment monoamine-diamide 6T6m was synthesized with 
high purity and used for the triblock copolymer. A series of triblock was 
synthesized with increasing the soft segment length. The storage modulus 
increased strongly with HS content and was even higher than for the 
comparable multi-block copolymer. The CS was for the low HS contents 
better than for the multi block copolymer and for the high HS content 
similar to the multi block copolymer despite its much lower molecular 
weight. The fracture strains decrease with decreasing copolymer weight but 
were with a molecular weight of 6000 g/mol still above 100%. The melt 
viscosities decreased strongly with frequency. The triblock copolymers with 
monodisperse end-blocks have a low melt viscosity combined with 
interesting tensile and elastic properties and a low HS content with a 
relative high modulus and excellent elastic properties. 
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