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ABSTRACT 

The mechanical performance of immiscible blends of poly(2,6-dimethyl-1,4-phenylene ether) 

(PPE) and poly(styrene-co-acrylonitrile) (SAN) and the subsequent influence of compatibili-

sation by tailored polystyrene-block-polybutadiene-block-poly(methyl methacrylate) triblock 

terpolymers (SBM) on the mechanical performance under static and dynamic loads is ana-

lysed in detail. A PPE/SAN 60/40 blend was selected as a base system for the compatibilisa-

tion experiments. The observed static tensile behaviour is described by micromechanical 

models and correlated to the blend microstructures as observed by transmission electron mi-

croscopy. In most cases, the addition of the SBM triblock terpolymers further enhances the 

ductility of the blend while only leading to a minor reduction of modulus and strength. 

Triblock terpolymers with symmetric end blocks, mainly located at the interface between PPE 

and SAN, led to nearly isotropic specimens. In contrast, SBM materials with a longer polysty-

rene block predominantly formed micelles in the PPE phase and the blends revealed a highly 

anisotropic morphology. Comparative investigations of the fatigue crack growth behaviour 

parallel to the direction of injection also reflected this variation in mechanical anisotropy of 

the compatibilised blends. A poor toughness and a predominant interfacial failure were ob-

served in the case of the SBM with a long polystyrene block. In contrast, a considerable im-

provement in properties as a result of pronounced plastic deformations was observed for 

blends compatibilised by triblock terpolymers with symmetric end blocks. The systematic 

correlation between morphology and mechanical performance of compatibilised PPE/SAN 

blends established in this study provides an efficient way for the desired selection of suitable 

and effective compatibilising agents, ensuring both a superior multiaxial toughness as well as 

a high strength and modulus of the overall system. 
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1 INTRODUCTION 

Blending of polymers is as a beneficial approach towards providing materials with a set of 

desired properties [1,2]. In particular, two-phase blends consisting of at least two components 

are often favoured, as an exploitation of the advantageous properties of each component ap-

pears feasible [1]. For example, binary blends of poly(2,6-dimethyl-1,4-phenylene ether) 

(PPE) and poly(styrene-co-acrylonitrile) (SAN) have been identified as a promising system 

due to the possible combination of the high heat distortion temperature and toughness of the 

PPE with the desirable properties of SAN such as the chemical resistance, good processability 

as well as low material cost [3,4]. However, the interfacial adhesion of such two-phase blends 

is often limited as a result of the incompatibility between the blend components, leading to a 

subsequent degradation of the mechanical performance and brittle characteristics. In case of 

binary PPE/SAN blends, Merfeld et al. [5] reported a strongly segregated behaviour and an 

interfacial thickness of only 5 nm (for an acrylonitrile content of 20 wt% in SAN). Conse-

quently, a poor fracture toughness and ultimate fracture strain less than the linear rule-of-

mixture expectations can be anticipated. 

In fact, such a behaviour has been verified by earlier studies investigating PPE/SAN 40/60 

and PPE/ABS 48/52 blends, respectively, revealing a brittle mechanical response for blends 

prepared by solvent-mediated as well as by melt-processing approaches [3-7]. Nevertheless, 

Fekete et al. [8] recently reported contrary results for melt-blended PPE/SAN: over a wide 

compositional range, a reasonable agreement between experimental data regarding the 

modulus and strength and theoretical predictions based on a linear rule-of-mixture approach 

were shown. However, as both the blend morphology and the acrylonitrile content,- two key 

parameters determining the mechanical properties of such blends - were neglected in these 

studies, a systematic investigation of the influence of these parameters on the deformation 

behaviour is needed. In addition, the demand for a further enhancement of the mechanical 

properties of such PPE/SAN blends remains. 

In general, compatibilisation is an efficient and well-accepted method to improve the interfa-

cial strength between the components in a two-phase blend [1,2,9]. In addition, the interfacial 

tension and the coalescence between the blend partners is decreased, effects that lead to a 

finer morphology [10], which also is beneficial for the overall mechanical performance [11]. 

Block copolymers, in particular, are commonly used to improve the adhesion of immiscible 

blend components due to a selective miscibility of the blocks with either blend component 

[12-15]. In the case of PPE/SAN blends, polystyrene-block-poly(methyl methacrylate) 
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diblock copolymers (PS-b-PMMA, SM) are very suitable to act as a compatibiliser due to the 

favourable enthalpic interaction between PS and PPE as well as between PMMA and SAN, 

respectively [4,16,17]. It has been demonstrated that the interfacial toughness, as determined 

by dual cantilever beam tests, can be significantly increased by such a compatibilisation step 

[18]. Furthermore, Stadler et al. [16,17] reported a notable reduction of the domain size of 

PPE/SAN blends by the addition of such copolymers. However, the overall mechanical 

toughness of these blends remained unsatisfactorily low [3,4]. 

Thermal stresses at the interface between PPE and SAN occurring as a result of the different 

thermal coefficients of expansion during solidification following melt-processing were identi-

fied as a crucial reason for the observed brittle behaviour [3]. In order to overcome the build-

up of these stresses, the addition of triblock terpolymers as compatibilising agents with an 

elastomeric middle block and end blocks of PS and PMMA, respectively, appears advanta-

geous. Again, Stadler et al. developed this concept; investigating morphological as well as 

thermal and mechanical features of solution-precipitated and hot-pressed ternary 

PPE/SAN/triblock terpolymer blends [3], using polystyrene-block-poly(ethylene-co-

butylene)-block-poly(methyl methacrylate) (SEBM) as a compatibiliser. As a result of the 

particular thermodynamic interaction between the relevant blocks and the blend components, 

a discontinuous distribution of the elastomer at the interface, the so-called “raspberry mor-

phology”, was observed (Fig. 1). The mechanical characterisation revealed a significant duc-

tility improvement for these SEBM-compatibilised blends as compared to both the uncom-

patibilised as well as the SM-compatibilised PPE/SAN blends [3,4]. In addition, it is this dis-

continuous interfacial coverage by the elastomer as compared to a continuous poly(ethylene-

co-butylene) (PEB) layer which minimises the loss in modulus. However, as the chosen test-

ing procedure differs from standardised techniques such as tensile testing, the significance of 

the presented mechanical data is, as yet, limited.  

Lach et al. [6] as well as Kirschnick et al. [7] reported first approaches towards the melt-

processing of PPE/SAN blends compatibilised by similar triblock terpolymers, more precisely 

polystyrene-block-polybutadiene-block-poly(methyl methacrylate) (SBM). Nevertheless, only 

Lach et al. [6] evaluated the resulting impact behaviour of the compatibilised blends by char-

acterising the resistance to unstable crack initiation under dynamic loading conditions and by 

employing elastic-plastic fracture mechanics (EPFM). Again, an increasing toughness of the 

system with an increasing SBM content and, finally, stable crack growth at rubber contents of 

15 wt% were observed while the calculated blend modulus remained at a reasonably constant 

level. However, only limited information was provided regarding the deformation mecha-
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nism; the authors postulated that the high toughness is a result of interfacial cavitation, 

stretching of the elastomer, and subsequent shear deformation of the SAN matrix due to the 

stress concentration. 

In order to further evaluate the micromechanical effect of SBM addition on PPE/SAN blends, 

Brown et al. characterised the interfacial properties of selected blends by the dual cantilever 

beam approach [18] using SBM materials with symmetric end blocks and varying lengths of 

the elastomeric PB middle block. Such a characterisation technique is well accepted to inves-

tigate the interfacial toughness of a blend as a function of the interfacial thickness and, thus, 

provides valuable information regarding the deformation mechanism of multiphase blends. 

Surprisingly, the addition of SBM led to an interfacial toughness which decreased below the 

level of the uncompatibilised system at low interfacial thicknesses [18]. At an elevated inter-

facial thickness of approximately 40 nm, the toughness increased again, eventually exceeding 

the value of the neat PPE/SAN interface. Yet, a direct comparison revealed a significantly 

enhanced performance when using SM diblock copolymers. The presence of the elastomeric 

middle block at the interface was proposed as the main reason for the low interfacial tough-

ness of the SBM compatibilised systems, as the elastomer suppresses crazing due to the lim-

ited load transfer and leads to failure by deformation mechanisms such as slow disentangle-

ment as well as chain scission. 

In summary, an enhanced toughness of immiscible PPE/SAN blends due to the addition of 

suitable triblock terpolymers has been verified; however, a more detailed investigation of the 

morphological phenomena related to the elastic as well as inelastic deformation behaviour of 

such PPE/SAN/SBM blends is desirable. The aim of this study, therefore, was to establish a 

systematic correlation between the blend morphology, the static mechanical and the fatigue 

crack growth behaviour of uncompatibilised as well as compatibilised PPE/SAN blends pre-

pared by twin-screw extrusion and subsequent injection-moulding. The PPE/SAN ratio of the 

uncompatibilised blends was varied between 20 and 60 wt% of PPE. All compatibilised 

blends, however, were prepared at a constant PPE/SAN ratio of 60/40. Four SBM triblock 

terpolymers with varying compositions were used with weight fractions of up to 20 wt%. 

2 EXPERIMENTAL 

2.1 Materials and compositions 

The commercial poly(styrene-co-acrylonitrile) resin (SAN, grade VLL 19100, BASF AG, 

Ludwigshafen, Germany) used in this study is a copolymer with an acrylonitrile content of 
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19 wt%, a weight-average molecular weight  of Mw = 112 kg/mol, and a polydispersity index 

of 1.95. This comparatively low acrylonitrile content ensures homogeneous miscibility be-

tween SAN and PMMA at the relevant processing conditions [20]. In contrast to the SAN in 

pellet form, non-commercial poly(2,6-dimethyl-1,4-phenylene ether) (PPE, grade PX100F, 

Mitsubishi Engineering Plastics Europe, Düsseldorf, Germany) was obtained as a powder, 

with a weight-average molecular weight of Mw = 12.9 kg/mol, and a polydispersity of 1.63. It 

should be noted that PPE is also frequently referred to as PPO (poly(2,6-dimethyl-1,4-

phenylene oxide)), especially in the American-Pacific region. The average molecular weights 

of both SAN and PPE were determined by GPC analysis using an UV detector relative to 

polystyrene standards at 40 °C, with THF as a solvent. Irganox 1010 and Irgafos 168 (Ciba 

AG) were used as stabilisers. Irganox 1010 is a sterically hindered phenol and acts as chain-

breaking antioxidant by rapidly reacting with peroxy radicals (ROO·) to break the cycle. Irga-

fos 168, as a secondary antioxidant, reacts with hydroperoxides (ROOH) to yield non-radical, 

non-reactive products. Such secondary antioxidants are particularly effective in a synergistic 

combination with primary antioxidants, as applied in the present study. 

Different SBM triblock terpolymers with varying block lengths and a narrow molecular 

weight distribution were synthesised by sequential anionic polymerisation as described previ-

ously [19]. The molecular properties of the triblock terpolymers are summarised in Table 1. 

All molecular weights of the SBM materials were carefully selected to be equal to or above 

the critical molecular mass for entanglement (critical molecular mass of 31.2 kg/mol of poly-

styrene and 18.4 kg/mol of poly(methyl methacrylate), respectively [21]). With regard to 

SBM1, SBM2 and SBM3, the weight ratio between polybutadiene and poly(methyl methacry-

late) was kept almost constant, whereas the weight content of polystyrene is adjusted to be 

either lower, equal to or higher than the other blocks, respectively. In SBM4, the weight frac-

tion of the end blocks is balanced; here, the amount of the polybutadiene middle block is re-

duced. Following the synthesis, the SBM were cryo-ground in order to enable a homogenous 

distribution of the SBM in the dry-blends with PPE and SAN. 

2.2 Melt processing of the blends – extrusion and injection-moulding 

Prior to the melt-blending operations, the PPE powder and the SAN pellets were vacuum-

dried at 80 °C for 12 hours. In contrast, the SBM terpolymers were dried at 40 °C. Subse-

quently, PPE, SAN, and SBM were dry-blended using metered weight contents of the SBM 

compatibiliser. Initially, uncompatibilised PPE/SAN blends with PPE weight fractions be-

tween 20 and 60 wt% were prepared. For all compatibilised systems, the ratio of PPE to SAN 
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was kept constant at 60/40 and the weight contents of the SBM were set at 0, 5, 10 and 

20 wt%, respectively (Table 2). Furthermore, 0.1 wt% of stabiliser (mixture of 2 parts Irganox 

1010 and 1 part Irgafos 168) was added to prevent thermal degradation, especially cross-

linking of PB and PPE. The final blend compositions are summarised in Table 2.  

All materials were melt-blended using a co-rotating twin-screw extruder (Brabender DSE 

20/40) with a screw diameter of 20 mm and a screw length of 600 mm (L/D = 30). The 

maximum barrel temperature and the nozzle temperature were set at 250 °C and 245 °C, re-

spectively. The throughput was kept constant at 1.3 kg/h using a constant screw speed of 

50 rpm by volumetric feeding. The screw set-up as well as the processing parameters were 

established in preliminary investigations and were carefully selected in order to minimise deg-

radation while allowing a sufficient mixing time and efficiency. In the present study, the 

screw set-up consisted of two distinct kneading zones made up of various kneading blocks 

and a back-pumping element each. Consequently, the mean residence time of all blends in the 

extruder was approximately 5 min. The melt strands were subsequently quenched in water 

and were chopped into pellets. 

Detailed rheological tests prior to the melt-processing as well as subsequent size exclusion 

chromatographic analysis of the materials revealed rather constant rheological properties for 

the selected processing times and the molecular weight distributions following melt-

compounding were similar to those of the non-processed materials. Although the experimen-

tal data and discussion are omitted, it should be noted that both approaches thus verified the 

minimised thermal and shear degradation under the chosen processing conditions. 

Tensile test specimens according to ISO 527-2 (thickness 2 mm, width 4 mm) as well as rec-

tangular plates (70 mm x 70 mm x 4 mm) were prepared by injection-moulding using an Ar-

burg Allrounder 320S 500-150 (screw diameter of 30 mm) at an injection speed of 114 cm3/s. 

The maximum barrel temperature was set at 280 °C. The mould temperature was limited to 

80 °C in order to guarantee demoulding without deforming the specimens. It must be noted 

that neat PPE reference specimens were prepared by hot-pressing at 250 °C as the limited 

thermal stability prevented injection-moulding.  

2.3 Morphological investigations 

Ultra-thin sections (50 nm) of the injection-moulded tensile test specimens were cut at room 

temperature using an ultra-microtome (Reichert-Jung Ultracut E microtome) and a diamond 

knife. The sections were subsequently stained using OsO4 and RuO4 following an established 

procedure [3,7,19]. Due to this particular staining method, SAN and PPE appear as the bright 



7 

and dark phase, respectively, whereas the PB block of the SBM appears black [19]. Bright-

field transmission electron microscopy (TEM) was carried out using a Zeiss 902 TEM operat-

ing at an acceleration voltage of 80 kV. 

2.4 Mechanical testing  

All tensile properties were measured according to ISO 527 at 23 °C and 50 % relative humid-

ity using a Zwick 1445 universal testing machine. A minimum number of five specimens was 

used for each individual material composition and the average values are reported. The 

Young’s modulus (tensile modulus) was determined at a crosshead speed of 1 mm/min. 

Reaching a sample deformation of 0.25 %, the crosshead speed was increased to 5 mm/min 

and was kept constant until fracture of the specimens occurred. 

Fatigue crack propagation (FCP) tests were performed at 23 °C and 50 % relative humidity, 

employing a computer-controlled, servo-hydraulic test machine (Schenck MHF, IST 8400), a 

sinusoidal waveform and a cyclic frequency of 10 Hz. The used compact tension (CT) speci-

mens were machined out of the injection-moulded rectangular plates. Razor-blade tapping 

was used to introduce a sharp crack at the notch-tip just before the start of the experiment. 

The specimens were loaded for crack propagation either in perpendicular or in parallel to the 

injection-direction (melt-flow direction). The compliance of the specimen was continuously 

measured by the crack opening displacement method using a transducer fixed to the front face 

of the CT-specimen with rubber bands. The ratio of the minimum to the maximum stress, the 

so-called R-ratio, was set at 0.1, the stress intensity factors were calculated according to [22]. 

The FCP tests were performed at increasing stress intensity factors (∆K) with a constant ∆K 

gradient as a function of the crack length a  of 0.15 mm-1. A detailed description of this par-

ticular FCP procedure is given in [22, 23]. 

2.5 Investigation of the fracture surfaces 

The specimen fracture surfaces obtained by the FCP tests were first coated with a thin layer 

(2 nm) of platinum and were subsequently analysed using a field emission scanning electron 

microscope (Zeiss 1530 FESEM) operating at an acceleration voltage of 2 kV. Micrographs 

were taken using the In-Lens secondary electron (SE) detector in order to evaluate the surface 

topography. 
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3 RESULTS AND DISCUSSION 

3.1 Tensile properties of immiscible PPE/SAN blends 

The mechanical properties of immiscible blends in general strongly depend on the phase con-

tent, the resulting morphology as well as on the mechanical behaviour of the individual com-

ponents [1,2]. In addition, the interfacial adhesion has been identified as a key parameter de-

termining the material characteristics such as toughness and strength observed at larger strains 

[1,2,24]. A detailed investigation of the mechanical performance of uncompatibilised 

PPE/SAN blends therefore not only allows a target-oriented selection of the blend composi-

tion for the following compatibilisation step using SBM triblock terpolymers but also pro-

vides a detailed insight into the phase morphology and interfacial properties of PPE/SAN 

blends.  

3.1.1 Elastic properties of PPE/SAN blends (low-strain behaviour) 

For the evaluation of the tensile modulus typically analysed at very low strains, the adhesion 

between the two blend phases can be regarded as sufficiently high to ensure load transfer be-

tween PPE and SAN [25,26]. Based on this assumption, the well-known parallel and series 

models (Eq. 1 and 2, respectively) can be considered as first approximations of the upper and 

lower bounds of the modulus of two-phase PPE/SAN blends: 

SANSANPPEPPEblend EEE φφ += , (1) 

  

SAN

SAN

PPE

PPE

blend EEE
φφ

+=
1 , (2) 

where E  and φ denote the tensile modulus and the phase content, respectively. The indices 

PPE, SAN, and blend denote the particular phase as well as the blend, respectively. It should 

be noted that the volume content of each phase is similar to the weight content (Table 2), as 

the density of PPE (1.065 g/cm3) and SAN (1.07 g/cm3) are nearly identical.  

As the tensile moduli of neat PPE (2.5 GPa) and of neat SAN (3.8 GPa) are rather similar, 

both models lead to predictions with relatively little difference; for a PPE/SAN 50/50 blend, 

for example, an upper bound of 3.15 GPa (Eq. 1) and a lower bound of 3.02 GPa (Eq. 2) are 

predicted. Hence, utilisation of more complex theoretical approaches such as coupling models 

[27] and self-consistent models [28, 29] leading to more precise values does not appear neces-

sary. 
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All relevant mechanical properties of the PPE/SAN blends following injection-moulding ob-

served by tensile testing are summarised in Tab. 3. As shown in Fig. 2, the tensile modulus of 

PPE/SAN blends as a function of the blend composition follows the upper bound prediction in 

the compositional range between 40 to 60 wt% of PPE. In contrast, a PPE content of 20 wt% 

leads to a deviation from this predicted linear relationship, the experimental value is closer to 

the lower bound prediction in this specific case. Considering the selected compositional 

range, the SAN forms the continuous phase in all blends. The PPE, however, is fully dis-

persed at low PPE contents (20 wt%) only and shows some continuity at higher PPE contents 

(60 wt%). The evolution of such morphological features has been discussed previously, e.g. 

by taking into account the viscosity ratio [19]. As PPE contents above 60 wt% necessitate 

further increased processing temperatures exceeding the thermal stability of both neat PPE 

and SAN, and, in particular, of the SBM for the subsequent compatibilisation step [19], such 

blend compositions were not prepared.  

In order to correlate the elastic behaviour of the blends to the phase morphology, TEM micro-

graphs of the PPE/SAN 60/40 blend were taken both parallel as well as normal to the injec-

tion direction. The skin and core region of the parallel section of the tensile bar were analysed 

separately. The TEM micrographs shown in Fig. 3 highlight the continuous structure of the 

SAN phase (bright), whereas the PPE forms rather complex and deformed particles. The PPE 

phase does not appear fully dispersed but shows a remarkable degree of continuity, as demon-

strated by the connectivity between the individual particles (Fig. 3a and 3c) [19]. Further-

more, the observed morphologies reveal a significant degree of orientation; the PPE phase is 

highly elongated in the direction of the flow. This effect can particularly be seen in the skin 

region showing a fibre-like appearance (Fig. 3d). In the core region, the PPE phase is less 

deformed as a result of the lower shear forces and an increased time span to relax during the 

injection-moulding process (Fig. 3 b) [30]. Such a layered skin-core morphology is typical for 

injection-moulded two-phase blends [1, 26,30-32]. 

This pronounced degree of orientation of the dispersed PPE phase in the PPE/SAN 60/40 

blend explains the good agreement of the experimental values with the predictions based on 

the parallel model (Eq. 1). A reduction of the PPE content leads to a decreasing anisotropy of 

the PPE phase, and the mechanical properties of the blends are subsequently determined by a 

combination of both the parallel and the series model. 
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3.1.2 Inelastic properties of PPE/SAN blends (high-strain behaviour) 

Similar to the materials response at low strains, the mechanical behaviour of blends at ele-

vated stress and strain levels is strongly dependent on the blend composition and on the phase 

morphology. In addition, the mechanical compatibility, the interfacial adhesion as well as the 

phase size of the two-phase blend become more important and, finally, determine the ultimate 

strength, the ductility, and the toughness of such systems.  

Most theoretical considerations focus on complex calculation methods to predict the tensile 

strength of blends; yet again, the well-known series and parallel model are frequently used 

(Eq. 3 and 4). In case of the parallel model, it should be noted that the material fails as soon as 

the stress of the phase with the lower tensile strength is reached: 

SANSANPPEPPEblend σφσφσ += , (3) 

 

σ blend = min(σPPE ,σ SAN ) = σPPE , (4) 

where σ  denotes the tensile strength of the material. However, perfect phase adhesion and, 

thus, complete load transfer between the two phases is assumed [33]. In contrast to the low-

strain regime, such a perfect phase adhesion cannot be expected for all blend systems at ele-

vated strain levels beyond the limit of linearity in priori.  

Both the experimentally observed tensile strength data as well as the theoretical predictions 

according to Eq. 3 and 4 are summarised in Fig. 4a. As the materials showed either yielding 

or a brittle fracture depending on the blend composition, the abbreviations ‘Y’ and ‘B’ respec-

tively are introduced in order to highlight the respective deformation mechanism. For each 

material, the maximum stress is reported (yield strength or strength at break, respectively). As 

can be seen, neat SAN as well as blends with PPE contents below 60 wt% reveal brittle char-

acteristics, whereas PPE/SAN 60/40 as well as neat PPE show a pronounced yielding before 

failure.  

The tensile strength of the PPE/SAN 50/50 and 60/40 blends is in reasonable agreement with 

the model given by Eq. 3, reflecting the particular phase morphology as already discussed for 

the elastic behaviour as well as a significant degree of interfacial adhesion. Similar results 

were observed by Fekete et al. [8] for PPE/SAN blends over the whole composition range. In 

contrast to this trend, the tensile strength data shown here deviate from the linear relationship 

for a PPE content of 20 wt%, and is even slightly below predictions based on Eq. 4. This de-
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viation is related to the change in blend morphology as well as to a partial debonding in the 

interfacial region, more specifically at the interfaces normal to the direction of the tensile 

load, for this particular composition.  

The strain at break and the yield strain (for materials showing yielding) are summarised in 

Fig. 4b. The dashed line represents a prediction of the blend behaviour based on a linear rela-

tionship between the strain at break of SAN and the yield strain of PPE, respectively: 

εblend σ max
= (φPPEεyield ,PPE +φSANεbreak,SAN ) . (5) 

As discussed before, the brittle-to-tough transition for blend compositions containing at least 

60 wt% of PPE is seen again, indicated by relatively high elongations at break (exceeding 

40 % for PPE/SAN 60/40). It is worth noting that the yield strain of this PPE/SAN 60/40 

blend perfectly matches the linear prediction (Eq. 5) and, moreover, that the elongation at 

break follows the same additivity rule; promoting the conclusion of mechanical compatibility 

between both blend phases. At lower contents of PPE, however, all materials behave in a brit-

tle manner and show a negative deviation from the prediction. The elongation at break of the 

PPE/SAN 20/80 blend is even below that of the neat SAN, reflecting a premature failure of 

the SAN matrix as a result of the dispersed PPE phase. Similar general trends have been re-

ported for blends of PC/SAN and PC/ABS, where a sufficient fraction of the more ductile PC 

is essential in order to achieve a high blend toughness [34-37].  

3.1.3 Deformation mechanism of PPE/SAN blends (micromechanics) 

This general mechanical property profile, the tough behaviour of the binary PPE/SAN 60/40 

blend particularly, implies that the macroscopically brittle SAN phase can show a ductile be-

haviour on the microscopic scale as the high elongation at break of the 60/40 blend cannot be 

related to the ductile PPE phase alone. Such a brittle-to-ductile transition of SAN has been 

reported in several studies and is assigned to diverse factors including the multiaxial state of 

stress within the SAN phase [25], a relatively small dispersed blend phase size [32], a signifi-

cant degree of continuity of the second (ductile) blend phase [34-37], and/or a layer-like struc-

ture of the ductile phase [38]. 

With regard to the multiaxial state of stress, it has been stated [35,36] that brittle thermoplas-

tic phases can undergo plastic deformation if the following requirements are fulfilled: (1) the 

brittle phase is dispersed in a ductile matrix; (2) the compressive stresses evolving by the bulk 

deformation of the two-phase polymer blend as a result of the difference in elastic properties 

(tensile modulus, Poisson’s ratio) exceed a certain critical value; (3) the load transfer between 
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the two phases is sufficient to induce deformation. These deformation phenomena, also 

known as the “cold-drawing concept”, have been demonstrated for various blends [35,36,39]. 

In the case of PPE/SAN, both the second as well as the third requirement are fulfilled. The 

compressive stresses predicted by the equations of Takayashi et al. [40] are about 8.4 MPa at 

a deformation of 4% (tensile moduli of 2.5 GPa (PPE) and 3.8 GPa (SAN), Poisson’s ratios of 

0.4 (PPE) and 0.35 (SAN) as taken from the experimental data and literature values, respec-

tively) and, thus, approach the compressive strength of SAN of around 9 MPa [36].  

However, the first requirement is not satisfied for the present PPE/SAN 60/40 blend as SAN 

tends to form the continuous phase within the blend. Nevertheless, Kolarik et al. [25] demon-

strated for PC/SAN blends that the stress conditions for plastic microdeformation of the mac-

roscopically brittle SAN embedded in a ductile PC matrix are not as strict as stated above 

[35,36]. The cold-drawing phenomenon was also observed for systems where the PC showed 

a sufficient degree of continuity within a continuous SAN phase. The corresponding mor-

phologies for PC/SAN 50/50 blends [25] are similar to the ones observed here for the 

PPE/SAN 60/40 blend revealing a macroscopically tough behaviour and yielding of the SAN 

phase.  

The deformation and yielding behaviour of well-defined multi-layered blends was extensively 

analysed as a function of the blend partners and of the interlayer thickness [41-43]. In all 

cases, the interfacial strength becomes more important as the interlayer thickness increases, 

and as sufficiently high stress transfer between the two phases on a macroscopic scale is en-

sured for low ligament thicknesses, e.g. between PE and PPE/PS [42]. Similar results of co-

operative yielding of multi-layers were observed for PC/SAN [41]. For example, microcrack-

ing of the SAN induces local delaminations at the PC/SAN interface if the adhesion is suffi-

ciently low. Consequently, the PC layers are allowed to draw out and, thus, improve the 

toughness of the multi-layer. Similarly, the evolution of crazes and cracks in SAN and the 

subsequent initiation of shear bands in the PC were reported by Gregory et al. [43].  

Returning to the PPE/SAN blends, the morphological features of the 60/40 blend composition 

as shown in Fig. 3 resemble a structure similar to multi-layers of PPE and SAN. Nevertheless, 

the unknown extent of the interfacial adhesion necessitates further consideration. For an acry-

lonitrile content of 20 wt% in SAN - similar to the one used in this study - an interfacial 

thickness of only 5 nm has been observed for a PPE/SAN system [5]. Yet, a similar interfacial 

thickness of about 5 nm for PC/SAN blends [1] and the corresponding load transfer in such 
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blends implies that there is a positive contribution of the interfacial adhesion in the case of 

PPE/SAN to the static tensile properties.  

In summary, the cold-drawing mechanism, the fine phase morphology as well as the presence 

of oriented continuous PPE phases all appear to influence the deformation behaviour of the 

neat PPE/SAN blends. For the development of SBM-compatibilised PPE/SAN blends, the 

base composition of PPE/SAN 60/40 appears most promising as this particular blend com-

bines a remarkably tough tensile behaviour, a satisfying processability, and enhanced thermo-

mechanical properties as demonstrated earlier [19].  

3.2 Tensile properties of PPE/SAN blends compatibilised by SBM 

The addition of SBM triblock terpolymers can provide an efficient melt-compatibilisation of 

the immiscible PPE/SAN blend if both the SBM composition and the processing parameters 

are carefully selected. In the following section, the mechanical properties presented for the 

various compatibilised systems are correlated with the blend microstructures mainly, as a de-

tailed overview of the blend nanostructures at the interfaces has been highlighted in a previ-

ous study [19]. As such, the relation ‘compatibilisation efficiency’ and the observed en-

hancement of the mechanical properties, which should not be equated in priori, will be ad-

dressed. As demonstrated, the addition of SBM triblock terpolymers with a nearly equal 

length of the end blocks such as SBM1, SBM2 and SBM4 led to an interfacial enrichment 

and, thus, to the desired melt-compatibilisation of the system. However, some micellation of 

these SBM types in the PPE phase was observed following the injection-moulding step. In 

contrast, SBM3 is located mostly in the PPE as a result of the high block length of PS.  

3.2.1 Morphological features of PPE/SAN/SBM blends following injection-moulding 

The mechanical behaviour of injection-moulded blends is influenced by the morphology of 

both the core as well as of the skin region of the specimens. In the case of the PPE/SAN 60/40 

blend, there is a pronounced morphological difference between these two locations and, fur-

thermore, strongly varying orientation effects were observed. In order to take these differ-

ences into account, TEM micrographs of all compatibilised PPE/SAN blends were taken both 

from the core and the skin region, both parallel as well as normal to the flow direction.  

Fig. 5a-d highlights the morphology of injection-moulded blends compatibilised by 20 wt% 

of SBM2 as an example. As can be seen, the average phase size and the orientation effect are 

significantly reduced due to the compatibilisation as compared to the neat PPE/SAN 60/40 

blend (Fig. 3), independent of position. Furthermore, there are small structural differences 
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between the core region (5a,b) and the skin region (5c,d) for this particular system. To some 

extent, the orientation of the PPE phase as indicated by the arrows in Fig. 5b and 5d remains 

visible. SAN still forms the continuous phase across the specimen, whereas the PPE appears 

not fully dispersed, indicating a significant degree of continuity. Similar results were observed 

for blends compatibilised by SBM1 and SBM4, respectively. In both of these cases, details 

regarding the differences in the microstructure such as micellation of the triblock terpolymer 

(SBM1) or an increased number of sub-inclusions in the PPE (SBM4) have been discussed 

previously [19]. 

Yet, the morphological features of PPE/SAN blends compatibilised by 20 wt% of SBM3 are 

significantly different (Fig. 5e-h). In this particular system, the core region shows a co-

continuous character of PPE/SAN as a result of the enrichment of the SBM3 in the PPE phase 

[19]. Orientation effects are pronounced in the core and are also visible in the skin region 

(Fig. 5f,h). Furthermore, the PPE phase shows an increased tendency towards coalescence 

across the specimen, indicated by an increased average phase size (Fig. 5e-h). These effects 

lead to relatively large SAN-rich regions which are oriented parallel to the flow direction 

(Fig. 5f,h). 

The mechanical properties of the PPE/SAN/SBM blends are summarised in Table 4. It is 

worth noting that all materials show yielding, except for the blend compatibilised by 5 wt% of 

SBM4. In order to establish a correlation between the mechanical behaviour and the SBM 

grade and content, respectively, the elastic properties will be discussed first. 

3.2.2 Elastic properties of PPE/SAN/SBM blends (low-strain behaviour) 

The tensile modulus of all compatibilised PPE/SAN blends as a function of the weight content 

of the SBM triblock terpolymers is shown in Fig. 6a. In general, addition of SBM leads to a 

reduction of the blend modulus. The content of the elastomeric middle block appears to be the 

main factor for this observed reduction. In order to further elucidate this effect, the modulus 

of the blends is evaluated as a function of the volume fraction of polybutadiene (Fig. 6b). The 

volume contents of the individual phases were calculated based on the density of the individ-

ual components (PPE 1.065 g/cm3, SAN 1.07 g/cm3, PS 1.05 g/cm3, PB 0.9 g/cm3, PMMA 

1.19 g/cm3) [44], respectively, and their respective weight contents by applying a linear rule-

of-mixture approach. The dashed line in Fig. 6b represents a theoretical prediction based on a 

linear rule-of-mixture approach for the upper limit, calculated according to 

( ) PBPBSANPPEPBSBMSANPPE EEE φφ +−= 40/60/// 1 , (6) 
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where SBMSANPPEE // , 40/60/SANPPEE , and PBE  denote the predicted modulus of the 

PPE/SAN/SBM blend, the experimentally observed modulus of the PPE/SAN 60/40 blend 

and the modulus of PB, respectively. PBφ  represents the volume content of the PB middle 

block in the blend. As the modulus of PB at ambient temperature is significantly lower than 

the modulus of the glassy phases, the contribution of the elastomeric middle block to the elas-

tic blend properties can be neglected with regard to the linear rule-of-mixture approach.  

A reasonable agreement between the experimental data and this simple theoretical prediction 

is observed within experimental accuracy up to PB contents of about 3 vol%, independent of 

SBM type. At higher PB volume contents, however, the elastic behaviour of the blends more 

strongly depends on the SBM grade used for the compatibilisation. On the one hand, the 

modulus of blends compatibilised by SBM3 remains at a relatively high level and is close to 

the upper-limit prediction. All blend systems compatibilised by SBM materials with (nearly) 

symmetric end blocks on the other hand show a substantial drop in modulus. This phenome-

non is most pronounced for blends based on 20 wt% of SBM1 and SBM2, respectively.  

These deviations especially reflect the microstructural differences of the blends as a function 

of the SBM type. In order to provide a more detailed description of the materials behaviour, 

the mechanical blend properties are calculated by taking into account the morphological fea-

tures as obtained by the fundamental investigation presented in [19]. The comparison of the 

experimental modulus data shown for the blends compatibilised with SBM2 and SBM3 and 

the predictions of the more detailed models discussed below is presented in Fig. 7. For illus-

tration purposes, schematic representations of the respective blend morphologies are included.    

In the case of the SBM2 triblock terpolymer (Fig. 7a) with nearly equal block lengths of the 

PS and the PMMA blocks, respectively, a continuous interfacial enrichment of the block co-

polymer is observed. Using a simple approach and treating each component as an individual 

phase, the modulus SBMSANPPEE //  of such a blend can be predicted by an additivity rule based 

on the moduli and the volume contents of the respective components: 

PMMAPMMAPBPBPSPSSANSANPPEPPESBMSANPPE EEEEEE φφφφφ ++++=// . (7) 

However, it should be noted that specific interactions between the block copolymer and the 

blend components, i.e. between PPE/PS and SAN/PMMA, respectively, are neglected. Al-

though this simplification may be valid for the binary SAN/PMMA phase showing only weak 

interactions, the synergistic behaviour of PPE/PS blends often reported in the literature 
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[45,46] leads to a blend modulus well above the additivity prediction. These effects can be 

taken into account by the so-called Simplex equation, introducing the parameter PSPPE /β  [45]: 

PMMAPMMASANSANPBPBPSPPEPSPPEPSPSPPEPPESBMSANPPE EEEEEE φφφφφβφφ +++++= /// . (8a) 

This value can be determined according to 

PSPPEPSPPEPSPPE EEE
PSPPE

224 )5.0(// −−= ==φφβ  (8b) 

using experimentally obtained moduli of PPE, PS and of a binary PPE/PS 50/50 blend, re-

spectively. Although these systems are not discussed here, the following values were deter-

mined: βPPE /PS=1.62 GPa, EPPE /PS (φPPE =φPS =0.5)=3.32 GPa, and EPS =3.33 GPa. 

As shown in Fig. 7a, the Simplex prediction leads to a marginally higher blend modulus at 

higher SBM contents. Yet, the PPE/SAN blends compatibilised with SBM2 show a negative 

deviation from both theoretical predictions at higher SBM contents. This particular behaviour 

most likely is related to an increasing continuity of the interfacial coverage between PPE and 

SAN by the PB with increasing SBM content and, at some SBM content, the PB finally forms 

a fully continuous layer as shown schematically in Fig. 7a. Under the chosen processing pa-

rameters, this particular blend system reveals morphological characteristics showing both a 

discontinuous and continuous coverage [19].   

The elastic behaviour of such a blend with a continuous interfacial coverage can be compared 

to that of high-impact polystyrene (HIPS). In HIPS, the PB particles inside the PS matrix 

again show sub-inclusions of PS. Nevertheless, this more complex dispersed phase can be 

treated as a single PB particle, i.e. the modulus of the PS sub-inclusions has no effect on the 

elastic behaviour of the overall blend [47]. In the case of the compatibilised PPE/SAN, this 

particular morphology can be described as follows:   

( ) PBPBPSPPEPMMAPMMASANSANSBMSANPPE EEEE φφφφφ ++++=// . (9) 

This theoretical prediction leads to a significantly lower blend modulus, as shown in Fig. 7a. 

The experimental modulus of the PPE/SAN 60/40 blend compatibilised with 20 wt% of 

SBM2 does indeed fall between the different predictions, accurately reflecting the structural 

features at the interface. A similar trend can be seen for blends compatibilised with SBM1 and 

SBM4 (Fig. 6b), again in good agreement with their morphological characteristics [19].    
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In contrast, the experimental modulus values of the PPE/SAN blends compatibilised with 

SBM3 remain close to the theoretical predictions based on a discontinuous interfacial cover-

age, as shown in Fig. 7b. Yet, this particular system showed micellation in the PPE phase, an 

effect that induces a small reduction in blend modulus due to the inclusions of PB-covered 

PMMA [19,47]. This morphological situation can be considered by a similar approach as in 

Eq. 8: 

( ) PBPMMAPBPSPSSANSANPPEPPESBMSANPPE EEEEE φφφφφ ++++=// . (10) 

Again, the strong specific interactions between PPE and PS can be taken into account: 

( ) PBPMMAPBSANSANPSPSPSPPEPSPPEPPEPPESBMSANPPE EEEEE φφφφφφβφ +++++= /// . (11) 

The experimental data at high SBM3 contents appear to accurately reflect the blend morphol-

ogy, indicated by a good agreement with the theoretical predictions including the micellation 

effects and the PPE/PS interactions.  

3.2.3 Inelastic properties of PPE/SAN blends (high-strain behaviour) 

In addition to the discussed low-strain behaviour of the PPE/SAN/SBM blends, the perform-

ance at elevated strain levels shows interesting correlations with the blend morphologies. As 

verified by the representative stress-strain curves for the PPE/SAN blends compatibilised with 

20 wt% of the different SBM (Fig. 8a) and by the corresponding data summarised in Table 4, 

almost all compatibilised blends show a ductile tensile behaviour. Consequently, the yield 

stress of these materials corresponds to the tensile strength. The only exception is the 

PPE/SAN blend containing 5 wt% of SBM4 showing a brittle behaviour.  

In most cases, the elongation at break of the PPE/SAN 60/40 blend system increases with the 

addition of the SBM triblock terpolymers (Table 4). Simultaneously, the scattering is gener-

ally reduced, indicating a higher stability of the morphology during injection-moulding [19]. 

For blends of PPE/SAN and SBM1, the elongation at break is significantly enhanced at 5 wt% 

of SBM1 already and remains at an even higher and rather constant level for 10 and 20 wt%. 

Similarly, the addition of SBM2 also leads to an identical increase for 5 wt% of the triblock 

terpolymer, while a slight reduction of elongation at break is observed at elevated SBM2 con-

tents. In the case of compatibilisation by SBM3, the elongation at break is similar to the un-

compatibilised blend for low SBM contents, whereas higher values are observed for elevated 

SBM3 contents. It is reasonable to relate this particular behaviour to the continuity of the PPE 

phase which is continuously increased by the addition of SBM3. Finally, the addition of 
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SBM4 initially embrittles the blend; whereas SBM contents approaching 20 wt% lead to sig-

nificant enhancements of the elongation at break. It is interesting to note that the compatibili-

sation by 20 wt% of SBM leads to similar values for SBM2 and SBM4, while higher values 

are observed for systems showing micelles either in the PPE (SBM3) or the SAN (SBM1). A 

more explicit, micromechanical explanation of the materials properties and a correlation to the 

blend morphology is given in section 3.2.4. 

Compared to the elastic behaviour, the theoretical prediction of the yield stress of such com-

plex blend systems is even more challenging. In a first attempt to establish boundaries for the 

materials behaviour, some factors such as the influence of the end blocks on the respective 

blend phases are neglected. In the simplest case, neglecting the small contribution of the PB 

block and assuming optimum compatibilisation, the yield stress of the blend, σPPE /SAN /SBM , 

can be predicted using the parallel model: 

σ PPE /SAN / SBM = σ b ,SAN φSAN + φPMMA( )+ σ y, PPE φPPE + φPS( ). (12) 

The more sophisticated Ishai-Cohen model [48] is often used to predict the yield stress of a 

single-phase material containing spherical, low-modulus inclusions such as PB with no phase 

adhesion to the matrix. Applying this model to the PPE/SAN/SBM blends and considering the 

discontinuous contribution of the PB at the interface (raspberry morphology), it is reasonable 

to assume that PB equally contributes to the reduction of the yield strength of both the PPE 

and SAN phase. Considering a parallel model, the yield stress can then be expressed as fol-

lows: 

σPPE/SAN/ SBM =σ b,SAN 1−1.21
φPB
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φPPE +φPS( ). (13a) 

In the case of SBM micellation in the PPE phase, e.g. for SBM3, Eq. 13a has to be modified: 

σPPE/SAN/ SBM =σ b,SANφSAN +σy,PPE 1−1.21 φPB +φPMMA( )2 3( )φPPE +φPS +φPB +φPMMA( ). (13b) 

And, finally, assuming a dispersed PPE phase with complete interfacial coverage and no 

phase adhesion of a PB layer, the yield stress can be expressed as: 

σPPE/SAN/ SBM =σ b,SAN 1−1.21 φPB +φPPE +φPS( )2 3( ). (13c) 

It should be noted that, when phase adhesion is present, the value ‘1.21’ in Eqs. 13 is reduced; 

thus a minor reduction of the yield stress would be predicted in this case. 
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Both the parallel model (Eq. 12) and the Ishai-Cohen model (Eq. 13a, 13b and 13c) are com-

pared to the experimental values in Fig. 8b. In the case of compatibilisation by SBM3, the 

yield strength is significantly higher than predicted by Eq. 13b, almost approaching the paral-

lel model (Eq. 12). Such behaviour promotes the presence of significant adhesion between the 

SBM micelles in the PPE phase and PPE. Presuming a similarly high adhesion for blends 

compatibilised by the other SBM grades, the yield strength should be between the boundaries 

of Eq. 12 and Eq. 13a. Indeed, the experimental values excellently satisfy this assumption. 

Moreover, the dependence of the yield strength on the SBM content, in particular the higher 

reduction at elevated weight fraction, is supposed to be a result of the altered microstructure 

of the blend, e.g. the increasing continuity of the PB layer, as previously described for the 

modulus behaviour. Further investigations are desirable to even more precisely describe the 

yield stress behaviour of PPE/SAN/SBM blends; nevertheless, these initial approaches taken 

here to model the materials properties provide first valuable explanations and insights. 

3.2.4 Deformation mechanism of compatibilised PPE/SAN/SBM blends (micromechanics) 

In order to discuss the fracture phenomena of the compatibilised PPE/SAN blends as a func-

tion of the type and content of the SBM triblock terpolymers in detail, four main factors need 

to be considered: the blend microstructure (continuity of the phases, anisotropy, phase sizes, 

molecular orientation of each phase) [32,34-38], the interfacial situation (“raspberry morphol-

ogy”) [3-7,18,19], the influence of the SBM on the properties of the blend constituents PPE 

and SAN [49,50] and, strongly linked to the previous issues, the role of SBM as a toughening 

agent. Such a magnitude of variables is typically encountered in the compatibilisation of 

polymer blends by block copolymers, as compositional variations of the compatibiliser 

strongly affect the fracture behaviour of the overall blend due to the altered micro- and nanos-

tructures [51]. Although the picture is further complicated by the interdependence of these 

factors, the following discussion is aimed at establishing some general correlations between 

the compatibilisation efficiency of the various SBM types and the resulting overall blend per-

formance as presented so far.  

As discussed in section 3.1, the ductility of neat PPE/SAN blends can be improved both by 

reduced phase sizes as well as an increased continuity of the PPE phase. However, the anisot-

ropy of the blend morphology also influences the mechanical properties [30] as highly-

oriented ductile phases often lead to a more ductile performance. As demonstrated, the addi-

tion of the various SBM grades does indeed alter the microstructure of the PPE/SAN blend 
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[19]. Yet, both the reduction in average phase size as well as in the degree of orientation and 

continuity depend on the SBM composition and content.  

In addition, the interfacial properties between the two components also have a strong impact 

on the load-transfer capability. In case of an interfacial enrichment by SBM triblock terpoly-

mers, previous studies of Brown et al. [18] already demonstrated a pronounced reduction of 

the interfacial toughness at a low layer thickness, whereas slight improvements in toughness 

were observed at an elevated interfacial thickness (exceeding 40 nm for the particular 

PPE/SAN system). In contrast, selective micellation of the triblock terpolymer in the PPE 

phase degrades the interfacial properties of PPE/SAN blends as the interface is then formed 

between the binary PPE/PS and the SAN phase, respectively [21]. 

Micelle formation of the SBM in either the PPE or the SAN phase also significantly alters the 

intrinsic toughness of these two phases. The triblock terpolymer consequently acts similar to 

well-established toughening agents by improving the ductility of the respective blend compo-

nent [42,52,53]. Additionally, the critical ligament thickness is increased and, thus, plastic 

deformation even at elevated phase sizes is ensured [42]. 

Lastly, the particular “raspberry morphology” at the interface influences the deformation be-

haviour, although the deformation mechanism is not fully understood yet. Investigating a 

similar system, Flaris et al. [54] proposed two deformation mechanisms for polypropyl-

ene/polyethylene (PP/PE) blends compatibilised by ethylene-propylene copolymers (EP) 

forming an interfacial layer: (1) craze and deformation initiation in the matrix due to soft par-

ticles, and (2) drawing of the PE inclusions. It appears reasonable to anticipate similar phe-

nomena to occur in the present PPE/SAN/SBM systems. The elastomeric PB layer at the in-

terface can initiate deformation in the continuous phase due to localised stress concentrations 

(even in both phases in the case of co-continuous morphologies) [1,48,52,53] as well as in-

duce drawing of the ductile PPE phase. 

All of these factors are altered to a different extent depending on SBM type and content. In 

the case of triblock terpolymers such as SBM1, SBM2 and SBM4 with similar end block 

lengths, the high compatibilisation efficiency ensures a pronounced localisation of the SBM at 

the interface as well as a significant reduction of both the blend phase size and anisotropy. 

Moreover, the continuity of the PPE phase is further increased as compared to the uncompati-

bilised PPE/SAN blend. Yet, some micelle formation also occurs [19]. All these microstruc-

tural features promote the observed plastic deformation behaviour of the PPE/SAN blend. 

However, the mechanical tensile data of those PPE/SAN blends compatibilised with low con-
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tents of SBM4 indicate that a sufficient length of the middle PB block is necessary in order to 

ensure a sufficient interfacial thickness, in agreement with the results by Brown et al. [18].  

The blends compatibilised by SBM3 show a remarkably different behaviour. In addition to a 

generally coarser blend morphology, the triblock terpolymer induces a pronounced micelle 

formation in the PPE phase which, in turn, leads to an interface formed by a binary PPE/PS 

phase and the SAN. These factors reduce the toughness of the system but, on the other hand, 

the significantly increased continuity of the PPE phase and even co-continuous blend charac-

teristics at elevated SBM contents explain the observed ductile blend behaviour [32,34-37]. 

As such, the latter factors dominate the deformation behaviour and lead to the pronounced 

plasticity as well as high elongations at break. 

3.2.5 Modulus vs. fracture energy of PPE/SAN/SBM blends 

A suitable combination of both a high stiffness and toughness of a material is of key impor-

tance for a given application. An overview plot of tensile modulus vs. fracture energy of all 

blend systems as obtained from the static tensile tests at room temperature is presented in 

Fig. 9. As discussed before, the stiffness of all materials decreases with increasing SBM con-

tent, independent of the triblock terpolymer used for the compatibilisation. The toughness of 

blends compatibilised by SBM1 and SBM2, however, is nearly independent of SBM content, 

but is significantly higher than that of the neat PPE/SAN 60/40 blend. In contrast, the tough-

ness of blends compatibilised by SBM3 and SBM4 continuously increases by the addition of 

these triblock terpolymers although blend systems containing 5 wt% of SBM3 as well as 

5 and 10 wt% of SBM4 show fracture energies below that of the uncompatibilised blend. The 

same trend is observed for the strain at break due to the direct relationship between these two 

properties.  

Thus, one could argue that materials compatibilised by SBM3 are a good choice for a given 

application, as these blend systems combine both a high modulus and an enhanced ductility. 

Nevertheless, as yet, this conclusion only holds for injection-moulded specimens where a ten-

sile load is applied in the flow direction. In order to further elucidate the aforementioned su-

perposition of orientation effects and morphological aspects, detailed investigations of the 

deformation behaviour parallel and perpendicular to the injection-direction are required. Fa-

tigue crack propagation (FCP) experiments are a sophisticated and well-suited characterisa-

tion method to analyse such toughness issues in multiple directions. 
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3.3 Fatigue crack propagation (FCP) behaviour and anisotropy of PPE/SAN blends 

The concept of fracture mechanics is widely applicable to the analysis of the FCP behaviour 

in polymer blends, as the majority of these materials are capable of sustaining a large amount 

of sub-critical crack growth prior to fracture. This particular characterisation method not only 

provides further insights into the deformation mechanisms of the investigated blend materials 

[1,54,55], but also helps to describe the anisotropic mechanical blend behaviour. In addition 

to studies on injection-moulded tensile specimens, the influence of orientation effects can thus 

be more accurately taken into account [54,55]. 

The FCP behaviour is generally described by a double-logarithmic plot of the fatigue crack 

growth rate 
dN
da  as a function of the amplitude of the stress intensity factor K∆ acting at the 

crack tip [23], where the parameter a  denotes the crack length. The characteristic plots em-

phasise three discrete regimes: (1) the threshold regime indicating the initiation of the crack 

growth Kth, (2) the regime of stable crack growth, and (3) the fast fracture regime associated 

with the critical stress intensity KIc. The regime of stable crack growth is also referred to as 

the Paris regime and shows a power-law behaviour described by the relationship [23]: 

nKC
dN
da ∆=  (14) 

where C  and n  represent the crack growth rate at K∆ =1 MPa m1/2 and the slope of the curve 

on the double-logarithmic scale, respectively. 

The values observed for the neat PPE and SAN materials are summarised in Tab. 5. As can be 

seen, PPE shows both an improved threshold behaviour (Kth) and a higher critical stress inten-

sity (KIc) as compared to the more brittle SAN. The critical stress intensity of SAN 

(1.96 MPa m1/2) observed here for an acrylonitrile content of 19 wt% is in reasonable agree-

ment with data shown by Kim et al. [56]. More precisely, Kim at al. reported a linear relation-

ship between the critical stress intensity and the acrylonitrile content, revealing an interpo-

lated value of 1.94 MPa m1/2 for an acrylonitrile content of 19 wt%. The minor deviation can 

be regarded to be within experimental scattering. Further interesting features can be seen for 

the uncompatibilised PPE/SAN 60/40 blend. For a crack propagation both parallel as well as 

perpendicular to the injection-direction, the threshold regime of the blend is similar to that 

observed for the neat SAN; however, the stable crack growth region indicates a significantly 

faster crack growth parallel to the injection-direction [54,55]. Furthermore, the critical stress 

intensity of this particular blend in the parallel direction is even lower than that of either neat 
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PPE or SAN. In contrast, the performance of both base materials is exceeded when crack 

growth in the blend occurs perpendicular to the injection-direction.  

In order to provide a deeper insight into the FCP behaviour of the blend, the respective curves 

of the PPE/SAN blends are shown in Fig. 10. Besides the test results discussed above, the 

blend investigated normal to the injection-direction reveals a pronounced scattering in the 

data, in particular at elevated stress intensities. This behaviour is typically associated with 

crack deflection and bridging effects of the more ductile phase and was verified by electron 

microscopic observations of the fracture surfaces of the specimens after testing. 

In order to properly analyse the influence of orientation effects, SEM micrographs of the core 

region were taken for both FCP directions at a constant crack growth rate of 10-4 mm/cycle 

(Fig. 11). In case of crack propagation parallel to the injection-direction (Fig. 11a), SAN ap-

pears as the continuous (brighter) phase surrounding the complex, rather disperse PPE phase 

with a notable degree of continuity. Distinct interfacial debonding between the two blend 

components can be detected. As the SAN features a small extent of plastic deformation, the 

crack appears to have propagated through the PPE phase. Closer inspection of the PPE phase 

reveals the previously described sub-inclusions of SAN which show a pronounced shear de-

formation; a behaviour that can be correlated with the cold-drawing concept.  

Crack propagation perpendicular to the injection-direction leads to a strongly altered micro-

mechanical response of the blend (Fig. 11b). A significantly reduced interfacial failure can be 

detected, and both PPE and SAN show pronounced plastic deformation. In particular, PPE 

appears as the highly elongated blend phase, capable to further increase the resistance against 

crack propagation by bridging and deflection mechanisms [1]. 

Summarising the FCP behaviour of the PPE/SAN 60/40 blends, the deformation phenomena 

can be correlated with the concepts outlined in chapter 3.1.3. The phase adhesion between 

PPE and SAN appears sufficiently high to allow load transfer between the two phases, as long 

as the more ductile PPE phase shows continuous characteristics perpendicular to the crack 

growth direction. The materials response can thus be explained by the cold-drawing concept 

and by phenomena such as bridging mechanisms similarly encountered in layer- and fibre-like 

blend morphologies. As a result, both phases can undergo plastic deformation leading to a 

mechanical performance surpassing the properties of the neat polymers. These concepts do 

not hold in the case of crack growth parallel to the injection-direction; here, the lower degree 

of continuity prevents the described phenomena and leads to poor mechanical properties. In-

jection-moulded PPE/SAN blends must thus be classified as strongly anisotropic materials. 
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3.4 Effect of compatibilisation on the fatigue crack growth behaviour 

The comparison of different crack propagation directions revealed that the base blend material 

is most sensitive to cracks propagating parallel to the injection-direction. Further investiga-

tions of the compatibilised PPE/SAN blends were therefore focussed on this weakest link. As 

the impact of compatibilisation on the fracture mechanical behaviour can be assumed to be 

most pronounced at the highest SBM content of 20 wt%, the respective properties of these 

blends were analysed and are summarised in Table 6.  

While the threshold regime is shifted to higher stress intensities for all blends, a notable im-

provement is only observed for blends containing SBM2 and SBM4; those systems previously 

identified to show the best compatibilisation efficiency. Similar results can be seen for the 

amplitude of the critical stress intensity factor, as the compatibilisation by SBM1, SBM4 and, 

in particular, by SBM2 leads to a pronounced increase in KIc as compared to the uncompatibi-

lised blend (+ 38%). Furthermore, the crack growth rate at 1 MPa m1/2 is significantly re-

duced, in the case of SBM1 and SBM4 by more than 50%, and for blends based on SBM2 

even by 80%. In contrast, a similar improvement is not observed for blends compatibilised by 

SBM3. Here, the severe reduction of the critical stress intensity as well as the strong increase 

in the crack propagation rate (as indicated by the parameter C) reveal significantly worse 

properties of the modified blend as compared to the base PPE/SAN 60/40 blend.  

In this context, a comparison of the FCP curves of PPE/SAN blends compatibilised by SBM2 

and SBM3 highlight the upper and lower bounds of the mechanical performance (Fig. 12). 

SBM2 serves as a highly suitable compatibilising agent located at the interface between PPE 

and SAN, whereas SBM3 tends to form micelles in PPE [19]. As already discussed, this be-

haviour strongly affects the FCP behaviour. In order to correlate the observed mechanical 

behaviour to the respective deformation mechanisms of the compatibilised PPE/SAN blends, 

a more detailed analysis of the fracture surfaces is required. 

SEM micrographs of the core region of both materials were taken at a constant crack growth 

rate of 10-4 mm/cycle (Fig. 13). However, due to the reduced phase size following the com-

patibilisation step, differentiation of the respective blend phases by SEM is complicated. The 

PPE/SAN/SBM2 blend (Fig. 13a) reveals a rather ductile behaviour of the finely structured 

morphology. Both PPE and SAN undergo substantial cooperative plastic deformation and, in 

particular, no evidence for an interfacial failure or anisotropy of the blend can be observed. In 

contrast, the SEM micrographs showing PPE/SAN blends compatibilised by SBM3 (Fig. 13b) 

indicate distinct interfacial debonding and strongly deformed domains alternating with non-
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deformed regions. This behaviour results in a rather rough fracture surface. Furthermore, an 

anisotropic morphology can be detected which is similar to that of the uncompatibilised 

blend. 

The effects determining the FCP performance can again be attributed to the blend morphol-

ogy, more precisely, to the compatibilisation efficiency of the triblock terpolymers and to the 

isotropy of the specimen; factors that strongly influence the deformation mechanism as dis-

cussed in section 3.2. In the case of SBM3, which mostly forms micelles in PPE, the interfa-

cial adhesion between the two blend phases is decreased as a result of the PS enrichment in 

PPE [21]. The low load transfer between PPE and SAN thus enhances interfacial failure. As 

the crack proceeds parallel to the highly-oriented PPE domains, this effect becomes – in con-

trast to the discussed tensile properties – highly detrimental to the mechanical performance.  

The FCP behaviour of the well-compatibilised blends strongly differs with regard to the de-

formation mechanism. At these elevated SBM contents of 20 wt%, the interfacial width is 

assumed to be sufficiently high to increase rather than decrease the interfacial strength [18]. 

The triblock terpolymers not only significantly reduce the phase size as well as the anisot-

ropy, but can also initiate local plastic deformation of the blend; a phenomenon similar to that 

observed in well-known polymeric systems toughened by core-shell impact modifiers such as 

HIPS or ABS. In combination, the ductile behaviour of the blend can be notably enhanced, 

leading to a superior performance as compared to the uncompatibilised blend both perpen-

dicular as well as parallel to the injection-direction. A further evaluation of the FCP behaviour 

of the compatibilised blends however, e.g. in order to analyse the influence of the SBM con-

tent and the deformation characteristics of the skin layers, is beyond the scope of the present 

paper. 

 

4 CONCLUSIONS 

The mechanical property profile of immiscible PPE/SAN blends as well as the influence of 

subsequent compatibilisation using tailored SBM triblock terpolymers on both the static ten-

sile properties as well as on the fatigue crack propagation behaviour of these blends were 

evaluated in detail. In line with the potential commercial interest in these particular systems, 

all polymer blends were prepared by melt-compounding using twin-screw extrusion and sub-

sequent injection-moulding.  

Immiscible PPE/SAN blends revealed brittle characteristics for SAN-rich compositions, while 

a brittle-to-ductile transition was detected for increasing PPE contents up to 60 wt%, ap-



26 

proaching co-continuity of the system. The ductile behaviour, as indicated by a reasonably 

high ultimate tensile strain, can be related both to the particular blend morphology as well as 

to the intrinsic properties of the constituents. The micromechanical deformation mechanism 

of such ductile blends can be elucidated by the cold-drawing concept. Similarly, the ultimate 

strength as well as the modulus behaviour are in good agreement with micromechanical mod-

els, showing a rather linear dependence on blend composition. PPE/SAN 60/40 blends were 

selected as a most promising system for the compatibilisation by SBM triblock terpolymers. 

The compatibilisation step generally further enhanced the ductility of the blends, as indicated 

by an increase in ultimate strain and fracture energy. However, a comparative evaluation of 

the performance of the various tailored SBM triblock terpolymers revealed that the improved 

toughness originates from different morphological features influencing the micromechanical 

behaviour. In case of block copolymers with nearly symmetric end blocks (SBM1, SBM2, 

SBM4), the high compatibilisation effectiveness leads to an interfacial enrichment and a re-

duced phase size; factors that beneficially contribute to the toughness. In contrast, triblock 

terpolymers with a significantly higher PS content (SBM3) lead to micelle formation in the 

PPE. This micellation results in an improved toughness and a higher continuity of the PPE 

phase, also advantageous for the ultimate performance of the overall blend. In addition, the 

modulus and strength remained at a remarkably high level as compared to the blends com-

patibilised by SBM1 and SBM2. However, the corresponding specimens revealed a pro-

nounced anisotropy, similar to the uncompatibilised blend. 

In order to sensitively evaluate such orientation effects, fatigue crack propagation experiments 

parallel to the direction of injection moulding, the weakest link in the blend, were performed. 

In contrast to the static tensile behaviour, the FCP analysis highlighted further distinct differ-

ences between the SBM grades. Only SBM triblock terpolymers with symmetric end blocks 

and sufficiently high PB contents (SBM2) were able to significantly improve the resistance 

against crack propagation, whereas SBM materials with a longer PS block (SBM3) strongly 

degraded the materials performance. Symmetric SBM triblock terpolymers can thus be re-

garded as compatibilisers providing a superior performance balance between strength, 

modulus, toughness and isotropy. In particular, compatibilisation by SBM2 indicates an im-

proved toughness of PPE/SAN blends, as comparatively summarised in Fig. 14.  

The systematic correlation of the blend morphology with the resulting mechanical properties 

presented in this study has allowed an identification of suitable SBM compatibilisation agents 

for immiscible PPE/SAN blends, providing an improved toughness as well as fatigue crack 
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growth resistance while maintaining a high strength as well as modulus. As such, the funda-

mental relationships between microstructure and deformation mechanisms demonstrated here 

for such compatibilised PPE/SAN systems are not only valid for this particular system but 

contribute to the understanding of the micromechanical performance of complex blend sys-

tems in general. Further beneficial features of such well-compatibilised and nanostructured 

PPE/SAN blends are currently exploited for the development of cellular blend morphologies.  
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TABLES 

Triblock terpolymer  Mn 

[kg/mol]    

Mn,S  

[kg/mol]  

Mn,B 

[kg/mol] 

Mn,M 

[kg/mol]  

1,4-B 

[%] 

Mw/Mn 

SBM1 S28B36M36
105

 105 29 38 38 90 1.02 

SBM2 S33B34M33
94 94 31 32 31 90 1.02 

SBM3 S50B27M23
126 126 63 34 29 90 1.02 

SBM4 S40B20M40
90 90 36 18 36 89 1.02 

 
Table 1:  Composition of the synthesised triblock terpolymers. The indices denote the 

composition in weight-%, exponents indicate the number-average molecular 
weight in kg/mol.  

Table(s)



 

 

 

Composition PPE SAN SBM           

20 80 - 

40 60 - 

50 50 - 
Uncompatibilised blends 

60 40 - 

57 38 5 

54 36 10 
Compatibilised blends 

48 32 20 

Table 2:  Composition of the uncompatibilised and the compatibilised PPE/SAN blends. 
Numbers denote the composition in wt%. Furthermore, 0.1 wt% of a stabiliser 
was added. 



 

 

 

Material E 
[GPa] 

σ y 

[MPa] 
ε y 

[%] 
σ b 

[MPa] 
ε b 

[%] 
W 

 [kJ/m2] 

SAN 3.80 ± 0.12 - - 77.9 ± 0.6 2.93 ± 0.06 27 ± 1 

PPE/SAN 20/80 3.47 ± 0.10 - - 69.9 ± 0.3 2.71 ± 0.03 22 ± 0 

PPE/SAN 40/60 3.29 ± 0.06 - - 73.0 ± 0.3 3.54 ± 0.07 32 ± 1 

PPE/SAN 50/50 3.22 ± 0.06 - - 73.4 ± 0.4 4.01 ± 0.17 39 ± 2 

PPE/SAN 60/40 3.08 ± 0.15 72.5 ± 0.4 4.77 ± 0.07 47.9 ± 14.4 40.2 ± 24.5 418 ± 252 

PPE 2.50 ± 0.09 71.7 ± 1.6 5.95 ± 0.17 52.2 ± 5.8 69.8 ± 39.0 710 ± 443 

Table 3:  Tensile properties of the base materials PPE and SAN, respectively, and of the 
uncompatibilised PPE/SAN blends. 



 

 

 

Material E 
[GPa] 

σ y 

[MPa] 
ε y 

[%] 
σ b 

[MPa] 
ε b 

[%] 
W 

 [kJ/m2] 

PPE/SAN 60/40 3.08 ± 0.15 72.5 ± 0.4 4.77  ± 0.07 47.9  ± 14.4 40.2  ±  24.5 418  ± 252 

+   5 wt% SBM1 3.01 ± 0.09 70.3 ± 0.2 4.74  ± 0.05 52.8 ± 0.7 76.4  ±  14.6 817  ±  156 

+ 10 wt% SBM1 2.84 ± 0.07 66.5 ± 0.2 4.62  ± 0.04 52.6 ± 4.0 97.9 ± 3.0 1022 ± 32 

+ 20 wt% SBM1 2.57 ± 0.06 60.1 ± 0.2 4.64  ± 0.06 47.3 ± 8.8 96.8  ±  12.7 944  ±  127 

+   5 wt% SBM2 2.97 ± 0.07 72.3 ± 0.6 4.98  ± 0.11 54.7 ± 2.0 81.1  ±  12.1 890  ±  142 

+ 10 wt% SBM2 2.89 ± 0.13 67.3 ± 0.9 4.81  ± 0.37 50.2 ± 3.1 50.5  ±  18.5 524  ±  188 

+ 20 wt% SBM2 2.48 ± 0.04 58.5 ± 0.5 4.60  ± 0.04 48.4 ± 0.5 66.4  ±  16.6 642  ±  161 

+   5 wt% SBM3 3.04 ± 0.05 71.7 ± 0.1 4.80  ± 0.04 48.2 ± 3.5 33.7 ± 7.6 360 ± 81 

+ 10 wt% SBM3 2.93 ± 0.05 70.5 ± 0.1 4.68  ± 0.22 53.4 ± 9.7 65.0  ±  34.2 755  ±  473 

+ 20 wt% SBM3 2.83 ± 0.11 66.9 ± 0.2 4.67  ± 0.08 50.8 ± 3.1 81.8  ±  13.2 843  ±  136 

+   5 wt% SBM4 3.08 ± 0.10 72.0 ± 0.8 4.17  ± 0.54 70.2 ± 4.3 4.2  ±  0.5 49 ± 8 

+ 10 wt% SBM4 3.04 ± 0.03 71.2 ± 0.4 4.66  ± 0.08 62.7  ± 12.8 7.3  ±  3.5 81  ±  18 

+ 20 wt% SBM4 2.84 ± 0.10 67.4 ± 0.4 4.65  ± 0.08 51.4 ± 1.3 62.2  ±  16.9 652  ±  173 

Table 4:  Tensile properties of the reference PPE/SAN 60/40 blend and of all compatibilised 
PPE/SAN/SBM blends. 



 

 

 

 

Material Kth 
[MPa m1/2] 

KIc 
[MPa m1/2] 

n 
[-] 

C 
[10-4 mm] 

PPE 0.30 2.16 3.1 6.8 

SAN (parallel) 0.25 1.96 3.0 3.6 

PPE/SAN 60/40 (parallel) 0.24 1.80 3.3 9.2 

PPE/SAN 60/40 (perpendicular) 0.22 2.37 2.7 3.9 

Table 5:  Fatigue crack growth properties of the base materials PPE and SAN, respectively, 
and of the uncompatibilised PPE/SAN 60/40 blend tested both parallel and 
perpendicular to the injection-direction. It should be noted that the neat PPE 
specimen was unoriented due to the preparation by compression-moulding. 



 

 

  

 

 

Material Kth 
[MPa m1/2] 

KIc 
[MPa m1/2] 

n 
[ ] 

C 
[10-4 mm] 

PPE/SAN 60/40 0.24 1.80 3.28 9.4 

+ 20 wt% SBM1 0.27 1.99 4.35 4.3 

+ 20 wt% SBM2 0.32 2.55 3.44 1.7 

+ 20 wt% SBM3 0.28 1.07 4.31 17 

+ 20 wt% SBM4 0.31 1.92 4.11 4.6 

Table 6:  Fatigue crack growth properties of the compatibilised PPE/SAN 60/40 blends 
containing 20 wt% of the various SBM. Data for the uncompatibilised PPE/SAN 
60/40 blend are included for comparison. The values reported here correspond to 
specimens where crack growth was investigated parallel to the injection-direction. 



 

FIGURES 

 

 

Figure 1:  Schematic of the morphological arrangement in PPE/SAN blends compatibilised 
by SBM triblock terpolymers – “raspberry” morphology. 
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Figure 2:  Tensile modulus of PPE/SAN blends as a function of the blend composition. 

The full and dotted lines correspond to theoretical considerations according to 
Eqs. 1 and 2, respectively.  



 

 

 

 

  

  

Figure 3:  Representative TEM micrographs of the PPE/SAN 60/40 blend following 
injection-moulding; with the image plane both normal and parallel to the flow 
direction. Samples were taken at different positions of the parallel section of the 
tensile bar. The arrows indicate the injection direction. (SAN appears as the bright 
phase, PPE appears dark).  
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Figure 4:  Summary overview of selected tensile properties of the PPE/SAN blends – neat PPE as 

well as PPE/SAN 60/40 show a tough behaviour (yielding), whereas all other blends are 
brittle.  The abbreviations ‘Y’ and ‘B’ denote ‘yielding’ and ‘break’ at the shown value, 
respectively. 
(a) Tensile strength of the PPE/SAN blends. The full circles correspond to the 
experimentally observed values. The lines are calculated according to Eq. 3 (full) and 
Eq. 4 (dotted).  
(b) Strain at break of the PPE/SAN blends (the solid line is drawn to guide the eye). The 
dotted line is calculated according to Eq. 5. In addition, the yield strain for the PPE/SAN 
60/40 blend and for the neat PPE is shown. By reason of clarity, the standard deviation 
is not shown and can be taken from Table 3. 



 

 

  

  

  

  
Figure 5:  Representative TEM micrographs of compatibilised PPE/SAN 60/40 blends 

following injection-moulding. Samples were taken at different positions of the 
parallel section of the tensile bar. (a+e) core region, normal to the flow direction; 
(b+f) core region, parallel to the flow direction; (c-g) skin region, normal to the 
flow direction; (d+h) skin region, parallel to the flow direction. (SAN bright, PPE 
dark).  
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Figure 6:  Tensile modulus of compatibilised PPE/SAN blends 

(a) as a function of the weight content of SBM.   
(b) as a function of the volume content of PB.  



 

 

0 5 10 15 20 25 30
0

1500

2000

2500

3000

3500

4000
a)

SBM content [wt%]

te
ns

ile
 m

od
ul

us
 [M

P
a]

SBM2

Eq. 9

Eq. 7
Eq. 8a

0 5 10 15 20 25 30
0

1500

2000

2500

3000

3500

4000
SBM3

b)

te
ns

ile
 m

od
ul

us
 [M

P
a]

SBM content [wt%]

Eq. 11Eq. 10  
Eq. 7Eq. 8a

Figure 7:  Tensile modulus of compatibilised PPE/SAN blends as a function of the SBM 
content for SBM2 (a) and SBM3 (b). The various lines correspond to theoretical 
predictions based on the labelled equations. The schematics represent the 
corresponding morphological arrangements (dark – PPE phase, bright – SAN 
phase, black – PB phase; the PMMA appears as white phase in case of micelle 
formation of SBM in PPE).  
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Figure 8:  (a) Representative tensile stress-strain curves of the uncompatibilised PPE/SAN 

60/40 blend and of blends compatibilised by 20 wt% of SBM2 and SBM3, 
respectively.  
(b) Summary plot of yield strength of compatibilised PPE/SAN blends as a 
function of the PB volume content. The lines correspond to theoretical predictions 
based on the respective equations (Eq. 12 – dashed, Eq. 13a – full, Eq. 13b – 
dotted, Eq. 13c – dashed-dotted). 
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Figure 9:  Summary plot of tensile modulus vs. fracture energy for the compatibilised 

PPE/SAN blends. The arrows indicate an increasing SBM content (5, 10, 
20 wt%). 



 

 

 

 
Figure 10:  Influence of injection-direction on the fatigue crack growth behaviour of the 

PPE/SAN 60/40 blend. Full symbols denote crack growth parallel to the injection-
direction, open symbols indicate crack growth perpendicular to the injection-
direction. 
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(a) PPE/SAN 60/40 (parallel) (b) PPE/SAN 60/40 (normal) 

  

  

  

Figure 11:  Representative SEM micrographs of fracture surfaces of PPE/SAN blends 
following FCP testing. Crack growth rate of 10-4 mm/cycle. Crack growth parallel 
(a) and normal (b) to the injection-direction. The arrow indicated the direction of 
fatigue crack growth. 



 

 

 

 

 

 
Figure 12:  Influence of SBM compatibilisation on the fatigue crack growth behaviour of 

PPE/SAN blends. Open circles and open squares denote blends compatibilised by 
20 wt% of SBM2 and SBM3, respectively. The uncompatibilised blend shown by 
the full circles is included for comparison. Crack growth was observed parallel to 
the injection-direction. 



 

 

 

(a) PPE/SAN 60/40 + 20 wt% SBM2 (b) PPE/SAN 60/40 + 20 wt% SBM3 

  

  

  

Figure 13:  Representative SEM micrographs of fracture surfaces of compatibilised blends.  
Crack growth rate of 10-4 mm/cycle. PPE/SAN 60/40 blend compatibilised by 
20 wt% of SBM2 (a) and SBM3 (b). The direction of crack growth is parallel to 
the injection-direction. The arrow indicated the direction of fatigue crack growth. 



 

 

 

 

Figure 14:  Summary overview of fracture energy (observed by tensile testing) versus critical 
stress intensity factor in parallel to the injection direction (observed by fatigue 
crack propagation) for the PPE/SAN 60/40 blend compatibilised by 20 wt% of the 
various SBM. 
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