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Abstract

A series of well-defined poly(methylmethacrylate) (PMMA)-b-poly(isooctylacrylate) (PIOA)-b-PMMA triblock copolymers (MIM) has
been synthesized by transalcoholysis of PMMA-b-poly(tert-butylacrylate) (PtBA)-b-PMMA precursors (MTM) by isooctyl alcohol. Phase
separation is observed for all the investigated triblock copolymers, thus containing PMMA outer blocks in the 3500–50,000 molecular
weight (MW) range and PIOA inner block with MW in the 100,000–300,000 range. The ultimate tensile properties of these MIM triblock
copolymers are poor even when PMMA blocks of 50,000 MW are associated with an inner PIOA block of 300,000 MW. A reasonable
explanation should be found in the molecular weight between chain entanglements (Me), which has been estimated at 60,000 for PIOA, much
higher thanMe for the traditional polydiene central blocks in the well-known thermoplastic elastomers of the triblock type. The tensile
behavior of MIM copolymers has been successfully accounted for by a simple elastomer model free from chain entanglements, supporting
the view that the lack of entanglements in the central block is very detrimental to the mechanical properties of the investigated fully
(meth)acrylate triblock copolymers.q 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

SBS and SIPS triblock copolymers consisting of polystyr-
ene blocks (S) and a central rubbery polybutadiene (B) or
polyisoprene (IP) block are well-known thermoplastic elas-
tomers (TPEs). They are used in a large range of applica-
tions such as adhesives, footwear, medical devices,
automobile parts and asphalt modification. Their unique
thermomechanical properties are associated with a phase
morphology of PS domains dispersed in a continuous
rubbery phase. This physical network of flexible chains
combines the mechanical performance of vulcanized
rubbers and the straightforward processing of thermoplas-
tics. The use of diene-based TPEs is, however, limited by
the poor oxidation resistance of the unsaturated central
block and the relatively low upper service temperature
(60–708C), controlled by the glass transition of polystyrene.
Accordingly, efforts have been made to improve the perfor-
mances of TPEs by changing either the outer [1–5] or the
inner [2,6] blocks. Another valuable alternative considered

in this paper is fully (meth)acrylate TPEs, in relation to the
large range of properties of this family of polymers. Indeed,
depending on the alkyl substituent of the ester group, the
glass transition temperature (Tg) can be changed over a very
large temperature range (e.g. from2508C for poly(isooctyl
acrylate) up to 1908C for poly(isobornyl methacrylate)).
Furthermore, immiscibility of alkyl polymethacrylates and
polyacrylates is the rule, although some exceptions are
found in the case of small alkyl groups and low molecular
weight [7]. The much better resistance of poly(meth)acryl-
ates to oxidation compared with polydienes is an addi-
tional advantage. Finally, recent progress in the
controlled/living radical polymerization of alkyl
(meth)acrylates has raised an optimistic forecast in the
direct synthesis of polymethacrylate-b-polyacrylate-b-
polymethacrylate triblock copolymers [8] which remains
a challenge in anionic polymerization.

Nevertheless, the previous study of PMMA-b-poly(alkyl
acrylate)-b-PMMA triblocks [9,10], [PMMA-b-poly(alkyl
acrylate)]nX and [PS-b-poly(alkyl acrylate)]nX star-shaped
copolymers [9], and poly(methacrylic acid) (PMAA)-b-
poly(2-ethylhexyl methacrylate) (P2EHMA)-b-PMAA and
the neutralized version [11] has shown that (meth)acrylate
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based triblock copolymers have rather poor ultimate
mechanical properties (sB , 10 MPa and 1 , 500%)
compared to traditional diene-based TPEs (sB < 30 MPa
and1 < 800–1000%). Several reasons have been proposed
to account for the poor mechanical properties of these fully
(meth)acrylate triblocks, such as (partial) miscibility of the
constitutive blocks [12], sample preparation by compression
molding at a temperature at which melt viscosity remains
very high [9,13], too short outer blocks [11] and poor
control of the block copolymer structure [10]. Actually,
except for the synthesis, little is known about the properties
of this kind of materials. The main pending question is
certainly to know whether the poor mechanical perfor-
mances are intrinsic to this type of triblock copolymers or
result from lack of control in the synthesis and/or processing
of the samples. In order to answer this question, a series of
PMMA-b-poly-(isooctylacrylate)-b-PMMA,orMIM, triblock
copolymers has been synthesized by sequential living
anionic polymerization of MMA,tert-butyl acrylate (tBA)
and MMA, followed by the selective transalcoholysis of the
central PtBA block by isooctyl alcohol. All these triblocks
have been characterized by size exclusion chromatography
(SEC), differential scanning calorimetry (DSC), dynamic
mechanical analysis (DMTA) and atomic force microscopy
(AFM). Although the molecular structure is well-controlled
(e.g. Mw=Mn , 1:1) and the phase separation is clearly
observed, the ultimate tensile properties of these physically
vulcanized rubbers remain much lower than the traditional
styrene–diene counterparts. So, the origin for this disap-
pointing observation should be found in the chemical
composition of the triblocks, as will be discussed further.

2. Experimental section

2.1. Materials

THF and toluene were purified by refluxing over the deep
purple sodium-benzophenone complex. MMA and tBA
(Aldrich) were refluxed over CaH2, vacuum distilled and
stored under nitrogen at2208C. Before polymerization,
they were added with a 10 wt% AlEt3 solution in hexane
until a persistent yellowish green color was observed, and
distilled under reduced pressure just prior to use (tBA was
diluted by the same volume of toluene before distillation).
sec-Butyllithium (s-BuLi) (Aldrich, 1.3 M solution in
cyclohexane) was diluted by cyclohexane (ca. 0.25 N).

1,1-diphenylethylene (DPE, Aldrich) was vacuum distilled
over s-BuLi and diluted by toluene (ca. 0.3 N). Isooctyl
alcohol (3 M) was used as received. LiCl (99.99%, Aldrich)
was dried under vacuum at 1308C.

2.2. Synthesis of polyMMA-b-polytBA-b-polyMMA (MTM)
precursors

A known amount of LiCl was added to a glass reactor that
was flamed under vacuum and purged with nitrogen. THF
and DPE were transferred into the glass reactor by using
rubbery septa and stainless steel capillaries or syringes.
Three-fold molar excess of DPE and five-fold molar excess
of LiCl were used with respect to s-BuLi. The initiator
solution was then added dropwise until a red color persisted,
followed by the desired amount of initiator. The solution
was cooled down to2788C and added with the required
amount of MMA. The polymerization was conducted at
2788C for 1 h. Upon MMA addition, the deep red color
of the initiator immediately disappeared, indicating an
instantaneous initiation. The sequential addition and poly-
merization of tBA and MMA were carried out under the
same conditions. The copolymerization product was
quenched by degassed methanol and the final solution was
concentrated before being precipitated into an excess of 90/
10 (v/v) methanol/water mixture under stirring. The crude
copolymer was dried under vacuum at 60–808C overnight.

2.3. Derivatization of polyMMA-b-polyIOA-b-polyMMA
(MIM) copolymers

On the basis of preliminary experiments, the best condi-
tions for the transalcoholysis of the tBA units of MTM
copolymers consisted in dissolving the copolymers in an
excess of isooctyl alcohol in the presence ofp-toluenesul-
fonic acid (PTSA; 10 mol% with respect to tBA units). After
reflux at 1508C for 48 h, the copolymer was recovered by
precipitation in methanol and dried under vacuum at 808C
overnight. Scheme 1 (synthesis of MIM triblock copoly-
mers) summarizes the main steps for the synthesis of the
MIM copolymers.

PIOA of the same microstructure as the central PIOA
block in the MIM triblocks was also prepared by transalco-
holysis of PtBA homopolymer by isooctyl alcohol as
detailed above. PtBA was synthesized by anionic polymer-
ization of tBA in THF in the presence of LiCl([LiCl]/
[Li] � 5) at 2788C for 30 min.

2.4. Sample preparation.

Films were prepared by casting a copolymer solution
(8 wt%; 160 ml) in a 100 mm diameter polyethylene dish.
The solvent was evaporated over 3–4 days at room tempera-
ture. Films were dried to constant weight in a vacuum oven
at 808C for ca. 1 day. They were colorless, transparent and
elastomeric, with a smooth surface.
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Scheme 1.



2.5. Analysis

Molecular weight and molecular weight distribution were
measured by size exclusion chromatography (SEC) in THF
with a Hewlett-Packard 1090 apparatus equipped with
linear styragel columns. PMMA standards were used for
calibration.

1H NMR spectra were recorded with a Bruker AM-250
spectrometer by using CDCl3 as solvent at 258C. Composi-
tion of the diblock and the final MTM triblocks was calcu-
lated from the relative intensity of the signals for the O–CH3

protons in PMMA (3.6 ppm), and the –C(CH3)3 protons in
PtBA (1.4 ppm).Mn of the PtBA block (in the intermediate
diblock) and the final MTM triblock was calculated from the
copolymer composition and molecular weight of the first
PMMA block.

DSC analysis was carried out with a DuPont 910 calori-
meter at heating rates of 10–208C/min.

Dynamic mechanical properties of the MIM copolymers
were measured with a Polymer Laboratory DMTA. 7 mm
diameter samples were cut from 1–2 mm thick solution cast
films. They were tested in the shear mode (1 Hz frequency;
1% strain) at a scanning rate of 28C/min.

Viscoelastic properties of PIOA were measured by using
the RSI ARES rheometer equipped with the cone-plate
geometry (25 mm diameter, 48 cone angle and 56mm gap
between the cone tip and the plate).

AFM images were recorded with a Nanoscope IIIa micro-
scope from Digital Instruments Inc. Details were reported
elsewhere [13].

Tensile properties were measured with an Adamel
Lhomargy tensile tester. Microdumbells were cut from solu-
tion cast films and extended at 100 mm/min at room
temperature. Strain was measured from the crosshead
displacement. Sample thickness and width were 1.5 and
4 mm, respectively. At least three independent measure-
ments were recorded for each sample.

3. Results and discussion

3.1. Synthesis

The prerequisite for drawing fundamental structure-prop-
erty relationships for triblock type TPEs is the capability to
synthesize these copolymers with well-defined molecular
architecture, chain microstructure, molecular weight,
composition and narrow molecular weight distribution, in
a large range of chain length. Living anionic polymerization
is certainly a valuable way to achieve this target in case of
fully acrylic triblocks. Syndiotactic PMMA has been
selected as the hard block, because of aTg close to 1308C
when MMA is anionically polymerized in THF at low
temperature. In contrast to the anionic polymerization of
MMA and bulky acrylates, such as tBA [14], which is living
in THF at2788C, that of long-chain acrylates (e.g.n-butyl

acrylate, isooctylacrylate) is usually out of control as result
of nucleophilic side reactions. Therefore, the central PtBA
block has been originally synthesized because of the ability
of the tert-butyl ester group to undergo selective acid-cata-
lyzed transalcoholysis by long-chain alcohols, with forma-
tion of low Tg polyacrylate. Thus, a three-stage synthesis of
MTM triblocks has been initiated by s-BuLi in THF at
2788C. Fig. 1 illustrates the typical SEC traces of the
PMMA first block, the intermediate PMMA-b-PtBA
diblock and the final MTM triblock, respectively (sample
3 in Table 1). Molecular weight distribution is and remains
monomodal, symmetrical and narrow�Mw=Mn , 1:1�:
Furthermore, molecular weight increases with sequential
block copolymerization, in good agreement with the value
calculated from the monomer/initiator molar ratio. The
sequential polymerization is thus perfectly controlled
consistently with the livingness of each step and the reac-
tivity matching of the two co-monomers. Table 1 lists the
series of MTM triblock copolymers that have been prepared
in a large range of molecular weight (PMMA MW from
3500 to 50,000; PtBA MW from 50,000 to 210,000) and
composition (PMMA content: 9–50 wt%). Monomer
conversion is usually close to completion and polydispersity
narrow �Mw=Mn , 1:2�: The MTM precursors have been
converted into triblocks containing a central PIOA block
of low Tg. The acid catalyzed transalcoholysis of PtBA by
alkyl alcohol in the presence of PMMA is selective [9,15]
and highly quantitative (95–98%).1H NMR analysis of the
original MTM and the final MIM copolymers shows that no
tBA group can be detected in MIM although some of them
have been hydrolyzed rather than transalcoholyzed. Indeed,
the signal at 1.4 ppm for the –C(CH3)3 protons of PtBA has
completely disappeared upon transalcoholysis. In parallel,
the signal at 4.0 ppm for the–O–CH2– protons of PIOA is
observed in the case of MIM triblocks. The transalcoholysis
yield is calculated from the relative intensity of the signals
for the –O–CH2– protons of PIOA and the–O–CH3

protons of PMMA at 3.6 ppm, compared to the original
molar composition of the MTM precursors. The SEC trace
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Fig. 1. Typical SEC traces for the three-stage synthesis of MTM copoly-
mers. (a) first PMMA block; (b) PMMA-b-PtBA; (c) MTM (sample 3,
Table 1); (d) MIM.



of sample 3 after transalcoholysis, thus of the MIM triblock,
is shown in Fig. 1. Table 1 shows that the transalcoholysis of
MTM into MIM triblocks does not change the MW distri-
bution significantly. It may thus be concluded that fully
acrylic analogues of the traditional TPEs of the SBS type
can be tailored by sequential anionic polymerization of
MMA and tBA, followed by the selective transalcoholysis
of the PtBA central block into a lowTg PIOA block.

3.2. DSC and DMTA studies

Measurement of glass transition temperature is a common
way to detect phase separation in multicomponent organic
materials. As many glass transitions as immiscible compo-
nents in a block copolymer are predicted at temperatures
that however depend on the extent of phase separation.
Fig. 2 shows typical DSC traces for a series of MIM triblock
copolymers of increasing PMMA content (6.5–22%) and
MW (3500–20,000). In each case, a glass transition at ca.

2458C is clearly detected and assigned to PIOA. The inde-
pendence of thisTg of the PMMA content and MW is indi-
cative of extensive phase separation. However, observation
of Tg for PMMA microphases is a problem except for
sample 6, more likely due to low PMMA contents. Since
DSC analysis is not sensitive enough to confirm unambigu-
ously the two-phase morphology of the MIM triblock
copolymers, the temperature dependence of the dynamic
shear modulus (G0) has been measured for three MIM
triblocks (samples 1–3). Fig. 3 shows a sharp drop ofG0

at ca. –508C, which is characteristic of the PIOA glass
transition. A rubbery plateau observed between ca. 0 and
1008C for all the samples can only be explained by a three-
dimensional network of rubbery chains, as is observed for
styrene–diene triblocks. In their study of binary blends of
SIPS triblocks with either SIP diblocks or PIP homopoly-
mers, Berglund and Mckay have shown thatG0 of the
triblocks decreases in the plateau region as rapidly as the
content of SIP or PIP is increased [16]. The very flat plateau
in the temperature dependence ofG0 observed for the MIM
samples (Fig. 3) indicates that the physical network of PIOA
chains is essentially free from undesirable diblocks
(PMMA–PIOA) or homopolymers, which might have a
detrimental effect on the ultimate mechanical properties of
the triblocks. At ca. 1008C,G0 for the MIM with the shortest
PMMA block (sample 1) drops rapidly, which corresponds
to the terminal zone, as is commonly observed for the tradi-
tional SBS and SIPS thermoplastic elastomers. The increase
of the PMMA MW from 3.5K to 7K dramatically changes
this situation. The onset of the terminal zone is observed at
ca. 1208C, thus ca. 308C higher than for sample 1. This
temperature is also 30–408C higher than the value reported
for the commercially available Kraton 1107 (SIPS, 10 K–
120 K–10 K), which is thus a substantial improvement of
the upper service temperature. Nevertheless, sample 2 is not
in the flow regime above 1208C, since an additional plateau
extending up to at least 2008C is rapidly observed. This new
characteristic feature, which is more pronounced for sample
3 of higher PMMA MW, indicates that the ordered phase
structure is maintained at high temperatures.

3.3. Morphology

Although DSC and DMTA strongly suggest that the
PMMA and PIOA blocks are microphase separated, the
most convincing evidence for a two-phase morphology is
the direct observation on the nanometer scale. Although the
phase morphology of fully (meth)acrylate block copolymers
cannot be detected by transmission electron microscopy
because of lack of electronic contrast, atomic force micro-
scopy (AFM) used in the tapping mode has proved highly
efficient [13]. A previous paper has indeed reported that the
well-known spherical, cylindrical and lamellar microphase
structures were observed for MIM triblocks covering a large
range of composition [13]. As an example, Fig. 4 shows two
typical AFM images for samples 2 and 6 (Table 2), which
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Fig. 2. DSC traces for samples 1–4 and 6 (Table 2). Heating rate: 208C/min.
Samples have been annealed at 1408C for 5 h. Curves have been vertically
shifted for the sake of clarity.

Fig. 3. Shear modulus (G0) vs. temperature at 1 Hz for samples 1–3 (Table
2). Heating rate: 28C/min. For the sake of clarity, curves have been shifted
upwards with respect to sample 1 (sample 2 by 0.5 unit; sample 3 by 1.0
unit).



exhibit spheres and cylinders of PMMA (white micro-
domains), respectively. It is worth noting that MIM with
very short PMMA blocks (sample 1 [13] and sample 2
(Fig. 4a)) are phase separated, in contrast to the SBS and
SIPS analogues, which are monophase materials [17].

3.4. Mechanical properties

Although the MIM triblocks of this series have well-
defined molecular structure, exhibit distinct phase-separated
morphology and show no evidence of contamination by
diblock or homopolymer, their ultimate tensile properties
(Table 2), particularly tensile strength (sB), are much
lower compared with the SBS and SIPS analogues

(30 MPa and 800%) [18]. Fig. 5 shows typical stress–strain
curves for a series of MIM triblocks of increasing PMMA
MW containing the same PIOA block. Even though the very
low sB observed for triblocks containing short PMMA
blocks (samples 3–5 in Table 2) might be tentatively
explained by the very partial miscibility of the constitutive
blocks, this explanation does not hold any more for samples
with PMMA blocks of higher MW, whosesB does not
exceed ca. 12 MPa. In this respect, the comparison of the
stress–strain curves for MIM and SIPS is very clear, when
one knows that the polystyrene/polyisoprene immiscibility
is less sharp compared to the PMMA and PIOA pair (cf. the
previous section about phase separation in MIM and SIPS).
Indeed, Fig. 6 confirms the tremendous superiority of SIPS

J.D. Tong et al. / Polymer 41 (2000) 4617–4624 4621

Fig. 4. AFM images for (a) sample 2 in Table 2; (b) sample 6 in Table 2. The white area is characteristic of PMMA microphases.

Fig. 5. Tensile curves for MIM triblock copolymers containing the same PIOA block (140,000).



over MIM, which in this example, has, however, the advan-
tage of higher MW and content of the hard block.

In order to explain the basic difference in the behavior of
the diene-containing triblocks and the fully acrylic ones, it is
worth referring to papers by Holden and Legge [18–20] and
Quirk and Morton [19], who noted that the slippage of the
entangled central blocks of triblocks could share the applied
force so delaying the ductile failure of the hard microdo-
mains. Furthermore, Ver State et al. reported thatGN

o

(plateau modulus, see also Eq. (1)) has a dominant effect
on the curemeter torque (MH) for a series of vulcanized
elastomers with the same chemical crosslinking density
[21,22]. They pointed out that the mechanical properties
(modulus and strength) of vulcanized elastomers are
strongly influenced by chain entanglements. Therefore, it
appears that the ability of the central block to form entan-
glements is essential for the parent triblock to be a good

thermoplastic elastomer. The average molecular weight
between chain entanglements,Me, is very low in the case
of PBD (1700) and PIP (6100) [18].Me for PIOA has been
determined from viscoelastic data according to Eq. (1) [23–
26]

Me � rRT=Go
N �1�

wherer is the polymer density, R is the gas constant,T is
the absolute temperature andGo

N � G0�tand! min:� is the
shear modulus of the viscoelastic plateau. Fig. 7 shows the
master curves for homo-PIOA (210,000) at2208C. Calcu-
lated from theGo

N value,Me is exceedingly high (ca. 60,000)
compared to polydienes. Since the entanglement density for
the central block is inversely proportional toMe, it must be
very limited in MIM triblocks compared to diene based
TPEs, all other characteristics being the same (molecular
weight and composition). Consistently, we have recently
examined the ultimate mechanical properties of a series of
PMMA–poly(alkyl acrylate)–PMMA triblock copolymers
with alkyl groups ranging from 2–8 carbon atoms, thusMe

for poly(alkyl acrylates) ranging from 11,000 to 60,000. The
ultimate tensile strength was found to increase linearly with
1/Me [27].

The main consequence of the very significant increase in
Me when a rubbery polyacrylate block is substituted for the
polydiene one in triblock TPEs is that the tensile behavior of
the MIM triblocks should be accounted for by the rubber
elasticity theory [28] at low to moderate elongations, rather
than by the “rubber1 filler” model which fits the behavior
of the polydiene-based TPEs. The SIPS tensile behavior is
indeed properly accounted for by the classical rubber elas-
ticity law modified by the filler effect [29]:

s � rRT
Mc

1
2C2

l

� �
l 2

1
l2

� �
1 1 2:5fS 1 14:1f2

S

� �
�2�

wheres is the applied tensile strength,l is the extension
rate;Mc is the average molecular weight between crosslinks
(here close toMe), C2 is a constant related to deviation from
the ideal elastic behavior, andf s is the volume fraction of
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Fig. 6. Stress–strain behavior of SIPS (14K–109K–14K; 13 wt% PS) and MIM (40K–300K–40K; 21 wt% PMMA).

Fig. 7. Master curves (G0, G00 and tand) for PIOA (Mn � 210K;
Mw=Mn � 1:10) at 2208C. Dashed lines indicate the position of tandmin

and the value ofGo
N:
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Fig. 8. Stress–strain data for MIM triblock (W, sample 1, Table 2) and SIPS triblock (A, 14K–109K–14K), plotted according to the “rubber1 filler” model.

Table 1
Molecular characteristics of the triblock copolymers synthesized in this work

Sample P(MMA-b-tBA-b-MMA) Yield (%) P(MMA- b-IOA-b-MMA)

Mn (1023) Mw/Mn Mn (1023) Mw/Mn

1 3.5–70–3.5 1.04 95 3.5–100–3.5 1.04
2 7–70–7 1.06 95 7–100–7 1.07
3 10–100–10 1.05 96 10–140–10 1.05
4 15–100–15 1.05 96 15–140–15 1.06
5 20–150–20 1.05 94 20–210–20 1.05
6 20–100–20 1.04 93 20–140–20 1.04
7 40–210–40 1.12 95 40–300–40 1.13
8 30–100–30 1.06 96 30–140–30 1.07
9 20–50–20 1.05 92 20–70–20 1.05
10 40–100–40 1.07 93 40–140–40 1.08
11 50–100–50 1.07 95 50–140–50 1.07

Table 2
Mechanical properties of the MIM triblock copolymers

Samplea PMMA wt% MW Ultimate tensile
strength (MPa)

Elongation at
break (%)

Initial modulus
(MPa)

1 6.5 3.5–100–3.5 1.3 490 0.15
2 12.2 7–100–7 3.6 490 0.2
3 12.5 10–140–10 3.1 610 0.2
4 17.6 15–140–15 4.2 530 0.28
5 16.0 20–210–20 5.0 730 0.2
6 22.2 20–140–20 7.1 480 2
7 21.1 40–300–40 8.5 940 0.3
8 30.0 30–140–30 11.9 440 42
9 36.4 20–70–20 11.5 350 96

10 36.4 40–140–40 9.6 460 15
11 41.7 50–140–50 11.8 285 91

a All samples are toluene cast films (slow toluene evaporation for 4 days, followed by drying in vacuum at 808C for 24 h).



the PS domains. Although thes=�l 2 1=l2��1 1 2:5fs 1
14:1f2

s� versus 1=l plot is linear for SIPS block copolymers,
Eq. (2) completely fails in the case of MIM triblocks (Fig.
8). However, the tensile strength data reported for MIM
comply with the classical rubber elasticity law:

s � rRT
Mc

l 2
1
l2

� �
�3�

Indeed a linear relationship is found whens is plotted
against�l 2 1=l2� for MIM triblocks but not for the SIPS
copolymer, which strongly supports the previous discussion
(Fig. 9). Even when the PIOA molecular weight is high
(300,000), the linear relationship persists at low extension
ratios, indicating the very limited contribution of chain
entanglements to the rubber elasticity of the MIM
copolymers.

4. Conclusions

A series of poly(methylmethacrylate) (MMA)-b-poly(i-
sooctyl acrylate) (PIOA)-b-PMMA have been prepared by
selective transalcoholysis of the central block of PMMA-b-
poly(tert-butyl acrylate) (PtBA)-b-PMMA precursors by
isooctyl alcohol. Solution cast films of MIM triblocks
have been characterized by DSC, AFM, dynamic and static
mechanical analysis. Distinct phase separation was found in
all the investigated samples. Mechanical properties of these
triblocks are much lower than the traditional diene-based
TPEs, particularly the ultimate tensile strength. Although
partial miscibility between the PMMA and PIOA blocks
may not be disregarded, the much higher molecular weight
between chain entanglements (Me) for PIOA compared to
polydienes is mainly responsible for the disappointing
tensile properties. This explanation is supported by the
fitting of the experimental data by the simple rubber elasti-
city law, which is not the case for the SIPS and SBS
samples.
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Fig. 9. Stress–strain data for MIM triblocks (W, sample 1 andD, sample 8,
Table 2) and SIPS triblock (A, 14K–110K–14K), plotted according to the
classical rubber elasticity law.


