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Polyblend Compatibilization

DOREL FELDMAN

Department of Building, Civil and Environmental Engineering, Concordia

University, Montreal, Quebec, Canada

After an introduction regarding polymer blends, this review shows how the enhance-
ment of the degree of compatibility between the constituent components of a
polyblend can be made by using different reactive or additive compatibilizers. It
also discusses how their presence affects the morphology and the properties of the
polyblends. The compatibilization strategy is focusing on applications such as the
recycling of post-consumer plastics without sorting, production of multi-layer films,
packaging products, as well as the development of new materials based on plastic/
plastic, elastomer/elastomer or plastic/elastomer blends.

Keywords polyblend, compatibilizer, morphology, properties

Introduction

Over the past decades, the need for new materials have forced researchers in academia and

industry to consider polymer blend (alloy) systems and blending polymers, which is now

one of the main topics of international polymer research. There are a number of reasons

why researchers should have turned their attention to blends. For example, it has been

shown that gaps in thermoplastics technology can be filled by carefully combining

available polymers, that means, the use of blending. The process permits the combination

of the attractive features of several materials into only one, to improve deficient charac-

teristics of a particular polymer, and to reduce the price of an end product.

The growing commercial availability of polymer blends enlarges the diverse range

of alternatives now being provided by the overall family of composites.

A polymer blend is a physical mixture of two or more polymers. The use of blends of

two polymers eliminates problems like migration of one of them from the mixture, the

second polymer being an additive with high molecular weight (MW), that means with

high viscosity. Such blends can, in principle, offer a wide variety of morphologies and

properties by adjustment of the nature and amount of polymers in the mixture; both

these characteristics strongly depend also on their miscibility. Historically, polyblends

were developed to improve the impact strength of rigid polymers (1).

More recently, polymer blending has also been employed to enable the reuse of

recycled industrial and/or municipal plastic waste (2–4).
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Beside the binary systems, ternary blends are gaining importance (5, 6).

In blending different polymers, one may encounter two extreme situations: a gross

phase separation, or a homogeneous mixture at the molecular level. However, the

reality is more complex, and many intermediate situations can occur: increasing separation

at the intermolecular level only, formation of co-continuous morphology, dephasing into

dispersed heterophase morphologies of increasing phase size (7).

The formation of two phase systems is not necessarily an unfavorable event since

many useful properties, characteristic of a single phase, may be preserved in the blend

while other properties may be averaged according to the blend composition. Proper

control of overall blend morphology and good adhesion between the phases are in any

case required in order to achieve good mechanical properties. For instance, the

toughness properties of immiscible blends whose components form separate phases

often depend on the dimensions of the dispersed phase and on the degree of interfacial

adhesion between phases. These issues are largely controlled by melt processing con-

ditions and by the thermodynamic affinity of the components of the polyblend.

There seems to be a general agreement on the fact that there is no compatibility

between two polymers when they are not able to develop either weak or strong specific

interactions. The formation of a polymer blend seems to be due to a balance between a

free volume contribution (always unfavorable) and an interaction term (potentially

favorable). The later one, in turn is a balance between self-association (P-P, P�-P�)

and hetero-association (P-P�). Much work has been done trying to predict whether

P and P� polymers are compatible prior blending, mainly using the value of solu-

bility parameter, IR spectroscopy, electrical mechanical techniques (8), or molecular

mechanic calculations (9).

The specific interactions between polymers are essentially electrostatic: dipole-

dipole, hydrogen bond, charge transfer (10).

In general, polymers scarcely mix with one another, because the combinational

entropy (thermodynamic reasons) between polymers is considerably low. As miscibility

of polymers strongly depends on polymer-polymer interaction, a slight difference in con-

formation of polymer chain sometime affects this process (11). Blending does no result in

many cases in a stable finely disperse distribution of a polymer in the other one. Such type

of distribution is necessary to get a sufficient interaction between polymers, which results

in the formation of interfaces, i.e., in the formation of at least one new polymer phase (12).

It is well established that parameters like control of blend morphology and phases

adhesion are strongly dependent on the presence in the blend of appropriate block or

graft copolymers having chain segments identical or similar to the homopolymers to be

mixed.

All the phase behavior displayed by polyblends can be found in mixtures of small

molecules, but in different ways, taking in account the differences between micro and

macromolecules. For these reasons, different terms like miscibility and compatibility

became necessary for polymer blends studies.

Miscibility is the same as thermodynamic solubility; that is two polymers are miscible

in each other if the free energy of mixing (DG mix) them is negative. Miscibility has a

precise definition that allows it to be measured accurately for the determination of

phase diagram of a system. As such, this is a function of the micro structure of the

polymers (e.g., M.W., polydispersity, tacticity, presence of comonomer), and thermo-

dynamic variables such as temperature, pressure and blend composition. Two polymers,

which are immiscible at a 50/50 ratio can be miscible at a 95/5 ratio under the same

conditions.
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While miscibility has a strict thermodynamic meaning, compatibility is defined in

operational terms. A blend can be more or less compatible if it is closer or further from

miscibility. Greater or lesser degrees of compatibility measured will depend on the

technique used and the scale at which it probes the blend structure. It is a relative term

in the sense that the phase size of the blend will change with the time depending on the

kinetics of phase separation. Always is necessary to specify the method used to

determine compatibility (glass transition temperature, Tg, microscopy, rheology, light

scattering, etc.).

A completely compatible system is thus a miscible one. The compatibility of two

polymers of a particular blend can be related to how good a particular property is. How

the degree of compatibility of an immiscible system is measured or determined depends

to some extent on why some one is interested in the blend, often in terms of what appli-

cation it can see. There are ways to change properties without affecting the phase separated

domain size and growth, which are system responses which reflect the thermodynamic

driving forces for phase separation.

C. Koning et al., the authors of strategies for compatibilization of polymer blends

(13), classify different polymer blends in:

– Completely miscible blends

– Partially miscible blends (compatible)

– Immiscible blends

In miscible blends, for which DHmix , 0, due to specific interactions, homogeneity is

observed at least at the nanometer scale, if not at the molecular level (example polystyrene

and polypropylene oxide blend).

In the second group, part of one component is dissolved in the other and the blend

exhibits a fine phase morphology and satisfactory properties. Both phases (one being

rich in polymer P, and the other in polymer P� are homogeneous and have their own

Tg. (Example: polycarbonate,PC,and acrylonitrile-butadiene-styrene terpolymer, ABS.)

The immiscible blends have a coarse phase morphology, the adhesion between phases

is poor, so they cannot be used without a compatibilizer. Most of the polymer blends are

immiscible.

As it was already mentioned, the formation of miscible polymer blends requires that

the free energy of mixing,

DGmix ¼ DHmix � TDSmix

where DHmix and DSmix are the enthalpy and entropy changes, respectively, be negative

and that fd2DGmix/dw2
i gT,P . 0 where wi is a measure of the concentration of component

i, and d is the solubility parameter. Since the entropy of mixing high MWmacromolecules

is quite small, miscibility usually occurs when the enthalpy of mixing is negative (14–17).

The entropy of mixing is a function of the MW, decreasing rapidly toward zero as the

degrees of polymerization of the components approach the values typically found in com-

mercial polymers. The enthalpy of mixing, on the other hand, primarily depends on the

energy change associated with changes in nearest neighbor contacts during mixing and

is much less dependent on MW (18).

Polymer miscibility is usually studied by direct observation, either visual or micro-

scopic, of a blend specimen, usually in the form of a thin film, or by observation of its

Tg and crystalline melting points (Tm). Miscible amorphous polymers form transparent
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films and exhibit no heterogeneity in a phase contrast microscope or in an electronic

microscope. Furthermore, immiscible fully amorphous polymers form transparent films

when polymers have the same refractive index, or when the refractive indices are

different, they occasionally form two-layered films that appeared transparent when the

blend solution is evaporated. Miscible polymers involve thermodynamic solubility and

should have one phase and only a single Tg. Heterogeneous, immiscible blends are

phase separated, exhibiting the Tgs and/or Tms of the components. If there is partial mis-

cibility, the Tgs move closer together compared with the individual components. If, on the

other hand, there is complete immiscibility, then the Tgs of the individual phases are

identical to the Tgs of the components. If specific interactions occur between the two com-

ponents P and P�, then to a rough approximation, TgPP� in the homogeneous blend is the

weighed average of TgP and TgP�.
A precise estimated value of Tg of a blend is obtained with the aid of the Flory-Fox

equation:

1

TgPP�
¼

WP

TgP
þ

WP�

TgP�

where WP and WP� are the weight fractions of the blend components P and P� (16).

The highest degree of compatibility (that is miscibility) does not always mean the best

engineering properties. In some cases, such as impact strength of plastics, some amount of

phase separation is necessary to obtain the desired values. The goal is to achieve a con-

trolled level of phase separation. However, in most cases, due to the preponderance of

immiscibility, the need is to increase compatibility. The mechanism and dynamics of

phase separation in polyblends has long been a research subject in an attempt to obtain

high performance materials by controlling morphology.

Numerous studies have proved that the presence of any kind of interactions between

the polyblend components such as hydrogen bonding, ion-ion pairing, electrono-donor,

electrono-acceptor complexation, etc. produces a favorable mixing enthalpy and hence

can lead to complete miscibility. Such findings provide a practical guide for studying mis-

cibility enhancement in polyblends, i.e., by chemical modification, copolymerization,

introduction of groups able to form specific interactions (19–21). The energy of inter-

action between polymer units increases in the order: van der Waals interactions ,

dipole-dipole interactions , electron donor-acceptor complex formation ¼ H bonding ¼

ion-dipole interactions , ion-ion interactions (22).

Compatibilization

The general incompatibility of polymers prevents preparation of useful blends, but adding

to the system of a compatibilizing agent permits the blending of otherwise incompatible

polymers to yield compositions with unique properties generally not attainable from

either of the mixture components. The presence of such an additive influences the proper-

ties of polymer melts and solutions.

A variety of additives can be used to promote miscibility by reducing the interfacial

tension. Reactive compatibilizers chemically react with blend components and are,

therefore, effective for many systems. Nonreactive compatibilizers are typically block

and graft copolymers of the partners and are more specific in their action. They can be

useful in improving interfacial coupling (23).
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Proper interfacial tension leads to a phase size small enough to allow the material to

be considered as macroscopically homogeneous. A strong interphase adhesion can

assimilate stresses and strains without disruption of the established morphology (24).

In fact, the addition of a small amount of a third ingredient to a binary blend stabilizes

the phase morphology. A block or a graft copolymer, as mentioned before, which works as

an emulsifier is very effective in reducing the interfacial tension and improving the inter-

facial adhesion between macromolecules, and hence, the mechanical properties of the

polyblend product. In some cases can be effective the addition of higher amounts of a

core-shell copolymer that behaves like a multi-purpose compatibilizer-cum-impact

modifier (25).

Since polymer properties are derived from finite length segments of a particular

structure, random copolymers do not compatibilize homopolymers, and in many cases,

copolymers based on one ratio of co-monomers are not compatible with copolymers

based on a different ratio of the same co-monomers. Block copolymers provide a

stronger interfacial adhesion. For this reason, such copolymers are most commonly

used. Simmetric reactively formed block copolymer with higher MW is desirable

mostly for reactive compatibilization (2, 26). Many studies on the compatibilization of

polymers, however, use the graft copolymer as the compatibilizing agent. Similar to

block copolymers, the MW of a graft copolymer plays also a fundamental role; if it too

short, the copolymer is not efficient as a compatibilizing agent. The number and length

of branches play an important role in the compatibilization process. Rather than adding,

it is often preferable to obtain a graft copolymer in situ by means of a chemical

reaction (2).

A. Ajji and L. A. Utracki (27) show that the objectives of the compatibilization

process are to:

1. Reduce the interfacial tension, facilitating the dispersion,

2. Stabilize morphology against high stress and strain processing, and

3. Enhance adhesion between the phases in the solid state, thus improving the properties

of the polyblend.

The ability (or efficiency) of a compatibilizer to decrease the domain size of the

dispersed phase in blends depends on:

– the interaction parameter (or interfacial tension) between the components

– the difference in viscosity (MW) or elasticity between the components

– the amount and type of compatibilizer

– the processing parameters such as temperature, shear rate, etc.

The polymers that affect the miscibility generally do not act as interfacial agents, but

rather operate by modifying the phases properties.

Ionomers have served as compatibilizers in many systems, ionic or other strong

physico-chemical interactions generated across the interface having effected the

compatibilization (28).

Reactive Compatibilization

N. C. Liu and W. E. Baker (29) discuss several methods for compatibilization, such as:

introduction of non reactive graft or block copolymers, non-bonding specific interactions,

low MW coupling agents and reactive polymers.
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Non-bonding specific interactions (hydrogen bonding, ion-dipole, dipole-dipole,

donor acceptor and p-electron interactions) are useful for enhancing the compatibility

of polymer blends. Besides the additive compatibilization (incorporation of a polymer,

a lubricant or another compatibilizer agent), reactive blending is used.

The formation “in situ” of a block or graft copolymer by blending suitable functiona-

lized polymers is known as reactive compatibilization. M. Moan et al. (30) studied experi-

mentally the effects of such a compatibilization on morphological and rheological

properties of blends of a polyamide (PA) dispersed in a polyethylene, (PE). The

location of the copolymer at the interface can lead to a reduction of the interfacial

tension and enhancement of the adhesion. The reactive compatibilization is realized

through covalent or ionic bonding during the melt blending of suitably functionalized

polymers. B. Majumdar and D. R. Paul (31) show that the focus here is on block or

graft copolymers generated in situ during the process of melt mixing, through a

reaction between functional groups available on macromolecules and the changes in

blend morphology and properties. Reactive compatibilization is used by many researchers

for different polyblend systems (32–40). It is important to note that the generation of mor-

phology in multiphase polymeric systems through chemical reactions is a dynamic

process.

The study of polypropylene (PP) and polyhydroxyaminoethers (PHAE) blends of

different compositions was done by R. Zacur et al. (32). Maleic anhydride grafted PP,

MA-g-PP was found to be an effective compatibilizer.

The reactive extrusion of an epoxy compatibilized blend of poly(ethylene there-

phthalate) (PET) and a thermotropic liquid crystal polymer (LCP) was studied by

F. Qiao et al. (33).

F. Pazzagli and M. Pracella (4) report on a study of melt free radical grafting of high

density polyethylene (HDPE) both virgin and recycled with glycidyl methacrylate

monomer (GMA) and reactive mixing with recycled PET. The effect of a grafting

procedure, radical initiator and co-monomer content on the grafting degree of HDPE

and properties of PET/HDPE-g-GMA blends was investigated. The results point out

the great potential of melt grafting functionalization and reactive mixing for processing

and upgrading recycled polymers.

G.H. Hu et al. (34) report the feasibility of the process called in situ polymerization

and in situ compatibilization of PP/PA6 polyblends. These blends were prepared by

activated anionic polymerization of e-caprolactam in the presence of PP in a batch

mixer and a twin screw extruder.

Studies on one-step in situ compatibilization of recycled PET and recycled PA were

also done in view of process optimization (35).

A random terpolymer based onMA, acrylic ester and ethylene(E) has been used for an

immiscible system based on PE and PA. The reaction between the anhydride and the end

group of polyamide occurs during mixing and the in situ formed graft copolymer acts as a

compatibilizer. The terpolymer can be considered compatible with PE because of its high

content (89.5%) of ethylene (30).

PA6/ABS blends were obtained by W. Rongwei et al. (41) using a SAM which

contained 6wt% MA, 19 wt% AN, and a graft ABS powder containing 68% PB rubber.

The blends with 50/50–70/30 ratios of PA6 to ABS at about 4% SAM exhibited good

toughness at room temperature and excellent low temperature toughness. These can

be evidently attributed to the fact that the in-situ reactive compatibilization makes

the interfacial tension reduced and the size of ABS domains more uniform through the

blends.
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The effectiveness of some thermoplastic elastomers grafted with MA or with glycidyl

methacrylate (GMA) as compatibilizer precursors for blends based on LDPE and PA6 has

been studied by S. Filippi et al. (42). The obtained data confirm that the MA functional

groups possess considerably higher efficiency for the reactive compatibilization of

LDPE/PA6 blends, than those of the ethylene-acrylic acid and ethylene-GMA

copolymers.

D. Hlavata et al. (36) studied the reactive compatibilization using liquid polybutadiene

(PB) and diallyl peroxides in the case of low density polyethylene LDPE/PS (4/1) blends
and the commingled waste of composition similar to these blends. The influence of lubri-

cants on the structure and toughness of these blends was determined. The reactive compa-

tibilization had the same effect in both types of the blends, but its effect is enhanced by

addition of lubricants.

An in situ compatibilizer of poly(styrene-ran-glycidyl methacrylate) (PS-GMA) was

used by J. K. Kim et al. (37) to study the effect of blend compositions on the morphology

of two different systems, i.e., poly(ethylene-ran-acrylic acid) (PE-AA) and PS blend, and

poly(butylene terephthalate) (PBT) and PS blend. The domain size of the dispersed phase

in the PE-AA/PS blend system was larger than that in the PBT/PS blend at the same blend

composition when there is no PS-GMA in both blends.

M. T. Ramesan et al. (24) established that dichlorocarbene modified styrene-

butadiene rubber (SBR) acts as a compatibilizer in the blends of SBR and acrylonitrile-

butadiene rubber (NBR). The efficiency of compatibilization depends on the chlorine

content of the compatibilizer and the blend ratio of the components. The compatibilizing

efficiency increases as the SBR content in the blend decreases and also when chlorine

content of the compatibilizer increases up to 25%.

Hydrogenated segmented poly[butadiene-block-((styrene-co-acrylonitrile)-block-

butadiene)n] block copolymers, developed by the use of the polymeric iniferter

technique, were tested for their compatibilizing capacities for 10/90 LDPE/PVC
blends by E. Kroeze et al. (38). The acrylonitrile content of the SAN blocks of the

block copolymers was as expected, found to be extremely important factor for their mis-

cibility with the PVC phase.

Y. Haba and M. Narkis (43) obtained PVC/PS blends through a reactive extrusion-

polymerization by the absorption of a solution of S, initiator and crosslinking agent in

porous PVC particles, forming a dry-blend with a relatively high monomer content. The

monomer contained in particles was polymerized in a twin-screw extruder in the melt

state. After polymerization, no residual monomer was detected by GC. The transparency,

fracture surface morphology, thermal stability, rheology, and static and dynamic mechan-

ical properties of these blends were compared with the PVC/PS blends obtained by

physical mixing and having the same compositions.

G. H. Hu et al. (39) showed that an efficient removal of residual monomers is very

important for in situ compatibilization of immiscible polymer blends by one-step

reactive extrusion. Two model blends were used for the study; PP/PBT and HDPE/
PA6. A co-rotating intermeshing twin screw extruder was used to process these blends.

GMA and MA were applied to functionalized PP and HDPE. Results showed that the

elongation at break and impact strength of both blends were improved to a much greater

extent with up-stream devolatilization compared with down-stream devolatilization.

D. A. Baker et al. (40) have used azide cross-linking agents that attach PP chains to PS

chains in a PP/PS blend. The azide group upon heating loses nitrogen, to form highly

reactive nitrene species that inserts to C-H bonds in the polymer chains. Thermal

analysis indicated that PP was chemically attached to PS.

Polyblend Compatibilization 593

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
1
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



Reactive compatibilization of the ternary system PE/PP/PS was studied by

I. Fortelny et al. (6). They found that PB/organic peroxide system can be used as a

reactive compatibilizer, which somewhat increases the toughness of LDPE/high impact

PS/HIPS blends, and that styrene-butadiene copolymer (SB) is an efficient compatibilizer

for LDPE/PP blends with higher than 40wt% LDPE contents.

These authors also established that the compatibilization with liquid PB and an

addition of SB copolymer, substantially enhances the toughness of LDPE/HDPE/PP/
HIPS blends with composition similar to the municipal plastic waste.

The reactive compatibilization of ethylene-vinyl acetate copolymer (EVA)/NBR has

been performed by B. G. Soares et al. (44) by using partially hydrolyzed EVA in combi-

nation with oxazoline-functionalized NBR.The presence of these compatibilizers in

certain amounts resulted in a substantial improvement of tensile strength of EVA/NBR
(50:50 wt%) vulcanized blends, with a little increase of the elongation at break.

The reactive compatibilization of ethylene-propylene-diene monomer EPDM/NBR
blends was performed by M. G. Oliveira et al. (45) using mercapto modified copolymers

such as: EPDMSH (mercapto modified EPDM), EVASH(mercapto modified EVA) in

combination with oxazoline-functionalized NBR (NBR-ox). The best mechanical proper-

ties were obtained with the two EVASH- based compatibilizing systems, especially the

one containing the co-reactive copolymers because of the reactivity of the oxazoline

group. The presence of insoluble material in non-vulcanized blends suggested the

reactive compatibilization.

Dynamically vulcanized PP/EPDM blends were treated by high intensity ultrasonic

waves during extrusion by W. Feng and A. I. Isayev (46). These blends were compared

with unvulcanized blends of the same polymers that were treated by ultrasound during

extrusion and then dynamically vulcanized. The results obtained indicated that ultrasonic

treatment induced the thermomechnical degradation causing enhanced molecular

transport and chemical reactions at the interfaces, thus leading to in situ compatibilization,

which is evident by the morphology and mechanical properties.

Solid state shear pulverization (SSSP) has been shown to achieve compatibilization of

immiscible polymers by the in situ formation of block copolymers resulting from coupling

of macroradicals made via low level scission (47).

L. Duxin et al. (48) studied the compatibilization of the PP/PA6 blend by using a

PP solid-phase graft copolymer (gPP). This one improved efficiently the compatibility

of PP/PA6 blend. Due to the reaction between the reactive groups of gPP and the NH2

end groups of PA6, a PP-g-PA6 copolymer was formed as a compatibilizer in the

vicinity of the interface during the extrusion melting of gPP and PA6. The compatibilized

PP/PA6 blends possessed higher pseudoplasticity, melt viscosity and flow activation

energy.

Compatibilizing Agents

For both virgin and regenerated incompatible polyolefin blends like LDPE/PP, S. Bertin
and J. J. Robin (49) have used various compatibilizers like EP or EPDM block copoly-

mers. All these block copolymers led to better properties than those obtained with the

graft copolymers.

Hydroxyl functionalized copolymers were obtained by U. Hippi et al. (50) through the

copolymerization of propylene with 10-undecen-1-ol and used as compatibilizer for PP/
PA6 blend with a composition of 70/30. Enhanced adhesion between the blend com-

ponents was observed in morphology and DMA studies. Although improvement in
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toughness was not as pronounced as expected, there were indications that the hydroxylated

copolymers prepared with metallocene catalysts could serve as a new type of

compatibilizers.

B. J. Kim and J. L. White (51) applied lauryl lactam (LA)-caprolactone (CL) block

copolymer P(LA-b-CL) as a compatibilizer for immiscible PVC blends with other

various polymers. The obtained blends possess high thermal performance and toughness.

The compatibilization of PC with ABS was realized by W. Jeroen et al. (52) with

core-shell particles. The sub-micron sized additive, consisting of a butadiene rubber

based core and an acrylic based shell, position themselves on the PC/SAN interphase

and act as a compatibilizer in such blends. Besides the compatibilization effect, the elas-

tomeric core of the compatibilizer leads to a significant improvement of performance in

terms of low temperature impact, impact after ageing and weld line strength.

S. H. Zhu et al. (53) studied the effect of NBR compatibilizer on the mechanical prop-

erties of PVC/SBR blends. A significant improvement of these properties was established

when the blend was vulcanized in the presence of the compatibilizer due to a covulcaniza-

tion between NBR and SBR. The fracture toughness of PVC/NBR/SBR (50/10/40)
blends was characterized by the critical strain energy release rate Gc. In the case of

some of such blends, an increase in sulfur concentration resulted in an important

increase in Gc.

For a composite based on a copolymer of 1-caprolactam and AH salt with ultrathin PP

fibers M. V. Tsebrenko et al. (54) have used the EVA copolymer and sodium oleate as a

compatibilizer.

A. E. Zaikin et al. (55) established that the introduction of a filler into a blend of

strongly dissimilar polymers like NBR and EP random copolymer should decrease their

mutual solubility and hence, their mutual adhesion. Filler (aerosil) particles with

strongly absorbed macromolecules of both polymers were formed at the interface.

The research done by C. Xu et al. (56) concluded that NBR can promote the phase

dispersion of PVC and LDPE and their interfacial adhesion.

Chlorinated PE (CPE) was used by E. A. Eastwood and M. D. Dadmun (57) for the

compatibilization of PVC and a polyolefin elastomer (POE). The interfacial adhesion

force is optimum at 20% chlorine content of CPE and increases with its MW increase.

The POE-CPE interaction was found to govern the ability of the CPE to compatibilize

PVC with POE.

M. Singer et al. (58) obtained blends of a LCP with PC; a copolymer of methyl metha-

crylate (MMA) and dimethylglutarimide was used as compatibilizing agent. It was found

that this compatibilizer yields a fibrillar blend morphology, probably due to reducing inter-

facial tension and adhering to the blend phases.

PE-g-LCP copolymers were used by F. P. La Mantia et al. (59) as compatibilizer for

blends of PE and semi-rigid LCP. Such additives lead to an improvement of interfacial

adhesion, both in melt and in solid state, as well as to a modest enhancement of the mech-

anical properties.

The compatibilization efficiency of two styrene-butadiene-styrene SBS triblock copo-

lymers with short and long styrene blocks was studied in PS-PP blends of composition 20,

50, and 80% PS by D. Hlavata et al. (60). The supramolecular structure of the blends was

determined by small-angle X-ray scattering, and the morphology was established with

transmission (TEM) and scanning electron microscopy (SEM). The compatibilization effi-

ciency of SBS copolymers in PS-PP blends depended on the conditions of blend mixing

and processing and could not be predicted with the rules of equilibrium thermodynamics

only.
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Recently, the treatment of wood flour with a commercial paper wet-strength agent

before mixing it with stearic anhydride treated PE, increased the modulus of rupture

and the modulus of elasticity of the resulting wood-PE composites (61).

The role of the polymer architecture in the compatibilizing process of PS/PMMA

blend was studied by E. A. Eastwood and M. D. Dadmun (62). Diblock, triblock, penta-

block and heptablock copolymers of S and MMA with similar MW were compared to a

random copolymer. Strengthening of the PS/PMMA interfaces was attributed to

multiple interface crossings. Failure of the heptablock copolymer to give relatively

strong interfaces was ascribed to the block lengths that are insufficient to entangle with

and anchor in the homopolymer. Unlike data using random copolymer as interfacial

modifiers, dependence of the fracture toughness on the copolymer composition was not

observed for the multi-block copolymers studied. S centered and MMA centered multi-

block copolymers of each type demonstrated similar results and the increasing lengths

of blocks increased the interfacial adhesion. MWs of the blocks have to be high enough

to obtain significant anchoring in the copolymers.

The effect of reactively formed block and graft copolymers on compatibilization of

70/30 wt/wt PA66/PS blends has been investigated by H. K. Jeon et al. (26) by

observing morphology and measuring reaction conversion. Anhydride functional PSs

were loaded up to 10 wt% in the blends. From the comparison of the PS particle sizes

and the estimation of interfacial stability by observing micelles, it was found that the

higher MW PS-An (phthalic anhydride terminal PS) is the most effective compatibilizer,

showing finer morphology and higher interfacial stability. This implies that symmetric

reactively formed block copolymer with higher MW is desirable for reactive compatibili-

zation. Blends of PA66 with syndiotactic PS compatibilized with PS-An gave very similar

morphology to the PA66/PS blends indicating that this conclusion also applies to PA66/
syndiotactic PS blends.

A. Benderly et al. (63) found that the compatibilization process in the PP/PA6/glass
fiber system seems to be significantly slower than the process of filler encapsulation. To

prevent this encapsulation, the filler must be added to an already compatibilized

polymer melt.

An ethylene-methacrylic acid copolymer partially neutralized with sodium (Na-

EMAA) was successfully used by A. Lahor et al.(64) to compatibilize PA6 and LDPE.

The phase morphology and thermal characteristics of these blends were investigated

over a range of compositions.

At certain ratio between the polymers, dimethyl formamide (DMF) may lead to high

miscibility of PVC and PMMA blend (65).

A completely different technique was applied by H. Li and E. Ruckenstein (66), con-

sisting in a self-compatibilization, by mechanically mixing concentrated emulsions of two

oligomers and then continued the polymerization process. Some compatibilizers are

generated at the interphase. In particular, when a rigid polymer was blended in this way

with a flexible one, tough materials were obtained. The effect of compatibilization can

be evaluated from the impact strength, which constitutes a proper measure of

toughness. The greater the amount of functional groups, the higher the impact strength.

This occurs because of a higher content of functional groups resulting in a greater

amount of gel, which is mostly composed of rigid and flexible chains. Such a combination

inhibits the propagation of cracks in the matrix and hence increases the impact strength.

Epoxidized natural rubber (ENR) was used by P. I. Teh et al. (67) as a compatibilizer

for nanocomposites based on natural rubber (NR) and an organophilic layered clay

(organoclay).
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Montmorilonite clay was added at different amounts to blends of NBR and SBR. Both

the reinforcing and compatibilizing performance of this filler were investigated using

rheometric measurements, physico-mechanical properties, SEM and DSC (68).

Effects on the Morphology and Properties

Control of the phase morphology during blend processing is a key issue for the production

of new materials with improved properties compared with those of constitutive immiscible

polymers. The shape, size, and spatial distribution of the phases result from a complex

interplay between viscosity of the phases, interfacial characteristics, blend composition

and processing parameters (13).

Polyblends often exhibit poor mechanical properties due to incompatibility resulting

from the lower entropy of mixing of high MW polymers and the unfavorable enthalpic

interaction between them. As a result, their morphology is characterized by phase

separation.

The mechanism and dynamics of phase separation in polyblends have long been a

research subject in an attempt to obtain high performance materials by controlling

morphology (69).

Polyblend compatibilization is directly related to blend morphology and phase

sizes (25).

The in situ compatibilization of polymer blends in the melt state was found to occur

during ultrasonic assisted extrusion at high pressures and temperatures without use of any

chemicals. The mechanical properties of ultrasonically treated blends were significantly

improved as compared to the untreated blends. Following A. I. Isayev et al. (70), this

new technique can be applied for plastic/elastomer blends to make thermoplastic elasto-

mers or plastic/plastic and elastomer/elastomer blends and for making new copolymers

from practically any pairs of existing polymers to achieve desirable chemical and

physical properties.

H. Cartier and G-H. Hu paper (71) deals with the morphology development of in situ

compatibilized polymer blends in a co-rotating twin-screw extruder. Using blends made of

two semicrystalline polymers, PP and PA6 of different Tm, it has been found that the mor-

phology of in situ compatibilized blends with MA modified PP (PPgMA) develops much

faster than that of their mechanical counterparts. The finding that the morphology of the

PP/PA6 reactive blend develops rapidly made it possible to produce compatibilized

blends by one-step reactive extrusion that integrates the traditionally separated free

radical grafting of MA onto PP and the compatibilization of PP/PA6 into a single more

economical extrusion.

The dependence of the morphology development of physical and, as well as reactive

compatibilization of PP/PA6 blends in a mixing zone of a co-rotating twin screw

extruder on blend composition and screw rotational speed, was investigated by

O. Franzheim et al. (72).

Melt blends of thermoplastic polyurethane (TPU) and poly(styrene-co-acrylonitrile)

SAN, of various ratios were studied by S. N. Jaisankar and G. Radhakrishnan (73).

Blend preparation was done by using a two-roll mill, and the compatibilization effect of

S-MA on these incompatible polymers was studied. The morphology and the properties

of the blends were investigated using SEM, DSC, Fourier transform infrared spectroscopy

(FTIR) and mechanical testing. TPU/SAN blends 70:30 and 50:50 show better mechan-

ical properties than other blend ratios. The addition of 5% S-MA improved the miscibility

as evidenced by uniform phase (SEM micrographs) and thermal-mechanical properties of
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the same blends via melting mixing were studied by M. Ulcnik-Knump and F. L. De Lucca

(74). The compatibilizers used were; poly-1-caprolacton (PCL), a mixture of PS-b-PCL

and PS-b-PMMA, and a mixture of polyisoprene-b-PCL and PB-b-PMMA. The blends

compatibilized with PCL showed superior properties over the other blends.

Morphology studies of PP/PS blends were performed by O. J. Danella, Jr. and

S. Manrich (75) based on torque and viscosity characteristics. The processing was done

in a twin-screw extruder, without and with a compatibilizing agent. SEM images of the

PP/PS blends 80/20 wt% with no compatibilizing agent showed an increase in both

areas and average diameter of the PS phase in PP/PS blends with similar torque ratio

when compared to those with a larger torque ratio. Also, three different copolymers,

PP-g- MA, PE-PS and PP-g-PS were mixed together with PP/PS blends to study the effi-

ciency of compatibilization in terms of dispersion and decrease in particle size of the

dispersed PS phase. SEM showed the most advantageous outcome to the PP-g-PS and

PE/PS copolymer with the best results coming from PP-g-PS.

The morphology of a PP/PE blend and maleic anhydride modified PP and PE (PPg/
PEg) blend was studied by A. Colbeaux et al. (76). The initial morphology, at the extruder

die, after the melt blending into a twin-screw extruder, was first characterized. The

evolution of this initial morphology was followed after an injection molding operation,

and during annealing at 2008C. The influence of the compatibilization of the polymers

by coupling reactions through covalent and ionic reactions was also investigated. The

ionic coupling additive showed good stabilization of the morphology. The coupling

reactions delayed the occurrence of the coalescence and limited its effects. The extent

of the coarsening depended strongly on the blend composition and the nature of the

coupling agent. Still, the ionic agents appeared more effective.

The effects of PP-g-MA as compatibilizer on rheology, thermal, mechanical proper-

ties and the morphology of PP/PET blends were studied by H. Ebadi et al. (77). The SEM

micrographs showed that the interfacial interactions were significantly improved by the

addition of small amounts of the compatibilizer. A sharp decrease in the size of minor

phase inclusions was observed, and the interface was saturated with compatibilizer and

there was a significant improvement of the properties of the blends.

Z. Yu and M. Kancheng (78) established that reactive compatibilization with copoly-

mers of the PP/PS blend improves the uniformity of the phase morphology, and strength-

ens the interfacial adhesion between the phases and the physical and mechanical

properties.

Y. H. Na et al. (79) showed that the obtained data from the investigation of the mor-

phology dependency on composition in the case of polylactide PLA-polycaprolactone

PCL blends (compatible only at some extent), is a component ratio to cause the

synergism of compatibilizing before apparent phase separation and coarsening. From

the results of heat treatment, it is suggested that the control of domain sizes, as well as

a PCL crystal ordering, can be achieved by coupling the phase separation with crystalliza-

tion steps in PLA/PCL binary blends.

Z. Ailing et al. (80) revealed that a liquid crystal ionomer (LCI) affects, to a great

extent, the miscibility, crystallization, and mechanical properties of PBT/PP blends.

Increasing the LCI amount improves the miscibility of these polymers and only 1% of

the compatibilizer increases some of the mechanical properties.

G. Bayram et al. (81) produced SMA copolymer-PE blends in a Brabender batch

mixer and in a twin-screw extruder. As a compatibilizer, a PE with reactive epoxy func-

tionality, and a nonreactive PE were used. At 25 and 50%, reactive PE contents the

blends are considered compatible whereas, those with nonreactive PE were incompatible.
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The blends were characterized in terms of morphology, viscoelastic and mechanical

properties. The reactive blends have finer morphology than the nonreactive ones at all con-

centrations of the modified PE. The reactive blends also have higher modulus of elasticity,

tensile strength, and strain at break than the nonreactive blends. The difference between

the stress-strain behavior of the reactive and nonreactive system was most significant at

25% modified PE content.

Reactive compatibilization by the formation of in situ grafting of PBT with

EVA-g-MA takes place competitively and simultaneously with the crosslinking of EVA

and grafting of MA and EVA. It was considered that the maximum formation of the

PBT-g-MA-EVA takes place at a certain MA content, producing the best reactive compa-

tibilization in the PBT-EVA-g-MA blend and thus, the highest mechanical properties (82).

G. Radonjic and N. Gubeljar (83) investigated the compatibilizing effect of block

copolymers such as SBS, SEBS, and SEP on the morphology and mechanical properties

of immiscible blends produced from recycled LDPE and HDPE with 20% PS using

SEM. It was found that the used copolymers were efficient in reducing the size of the

dispersed phase and improving adhesion between PE and PS phases. SEBS was the

most efficient compatibilizer.

M. Abdouss et al. (84) studied the effects of compatibilization of oxidized PP on

blends made of PP/PA6 and PP/talc.
Phthalic anhydride terminated PS (PS-An) and S-MA copolymers were compared as

compatibilizers and effect on morphology at low loadings (,10 wt%) in 70/30 PA66/PS
blends. From the comparison of the PS particle sizes and the estimation of interfacial

stability by observing (SEM) micelles, it was concluded that the higher MW PS-An is

the most effective compatibilizer, showing finer morphology and higher interfacial

stability (26).

The effect of the sulfonate group and counterion type on compatibility was evaluated

by blending sulfonated and nonsulfonated forms of the amorphous polyester ionomer with

both PA66 and PET. The melting point and phase behavior of the blends were determined

by DSC and environmental SEM. A comparison between melting behavior between the

melt and solution blends suggests that the compatibility is due to the specific interactions

for ionomer/PA66 blends and transesterification for the ionomer/PET blends. The phase

morphology of the melt blends was consistent with the results obtained by DSC

analysis (85).

The miscibility, morphology, and tensile properties of a ternary blend system of PCL

with PVC and with two chlorinated CPVCwith different chlorine amounts (63 wt% and 67

wt%) have been studied by F-C. Chiu and K. Min (86). It was concluded that the inter-

action strength between CPVC and PCL follows the following sequence: CPVC67/
PCL . CPVC63/PCL . PVC/PCL. The morphology of these blends showed little

difference. They all had single-phase morphology in the amorphous regions and the crys-

talline blends exhibited birefringent spherulitic patterns.

The morphology and mechanical properties of PVC/SMA-g-PA6 blends were inves-

tigated by L. Dong et al. (87). SMA-g-PA6 was prepared via solution graft reaction

between SMA and PA6. DSC analysis shows that the graft copolymer has a lower

melting point of 1878C, which may result in a decrease in crystallinity of PA6 and thus,

enable efficient blending of the grafted copolymer with PVC. Compatibilization was

evidenced by the significant increase in mechanical properties, smaller particle size and

finer dispersion of PA6 in PVC matrix, and, further, a continuous morphology at 16

wt% SMA-g-PA6 content. The authors found also that SMA-g-PA6 from the solution

graft reaction is able to toughen and reinforce PVC.
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W. Thielemans and R. P. Wood (88) found that butyrated kraft lignin improved the

interface between an unsaturated thermosetting resin and reinforcing flax fibers. SEM

images illustrate improvement in the adhesion of the resin to the fibers by showing the

fibers fracturing together with the resin without fiber pullout.

The spontaneous or forced generation of particle-in-particle phase morphology during

reactive processing of PBT with ethylene-methyl acrylate-glycidyl methacrylate (E-MA-

GMA) random terpolymer has been investigated using different blending sequences (89).

The obtained data demonstrated that the dimensions of this complex microstructure is not

only controlled by the rate of interfacial grafting but rather by the relative kinetics

between:

– the coalescence of the dispersed particles, and

– the interfacial compatibilization and/or elastomeric phase crosslinking.

Meltmixed poly(3-octylthiophene), POT and PVC are immiscible, but a co-continuous

morphology is obtained with a relatively low content of POT. It is suggested that such a

morphology is due to a low interfacial tension together with the difference in viscosity

between these two polymers. The adding of DOP, a plasticizer for both polymers is

able to further decrease the interfacial tension, and a co-continuous phase is obtained (90).

In order to examine the influence of strong intermolecular hydrogen bonding on the

dynamic of polymer blends, S. H. Zhang et al. (91), using broadband dielectric relaxation

spectroscopy (DRS), studied miscible poly(4-vinylphenol)/poly(vinyl methyl ether)

PVPh/PVME mixtures with PVPh concentrations up to 80%. Different relaxations

behaviors were observed for blends with different compositions, and thermorheological

simplicity does not exist in this dynamically asymmetric blend, despite the presence of

strong intermolecular interactions.

Blends of thermoplastic PU (TPU) and EPDM were prepared via melt blending,

and morphology, mechanical properties, and rheology were studied by W. Xiaodong

and L. Xin (92). SEM micrographs demonstrated that a network of EPDM was formed

in TPU matrix, and became finer and more perfect with the addition of 8 wt% EPDM.

DMA and FTIR spectroscopy indicated that EPDM was thermodynamically miscible

with the soft segments of TPU and incompatible with the hard segments. Rheological

properties revealed that the introduction of EPDM into TPU resulted in a reduction of

viscosity at a high shear rate and a decrease of the flow activation energy; thus, the proces-

sability of the blend was improved.

The morphology of immiscible and highly incompatible blends of poly(trimethylene

terephthalate)-PTT and EPDM blends was studied by I. Aravind et al. (93), with and

without the addition of the compatibilizer maleic anhydride grafted ethylene-propylene

elastomer (EPM-g-MA). The addition of this compatibilizer to the blends tends to

decrease the free volume showing its compatibilizing effect.

The morphologies of NBR/EPDM blends by the combination with mercapto and

oxazoline groups were examined through SEM. Blends compatibilized with the

EVASH-based systems showed finer morphologies than the non-compatibilized blend

of those compatibilized with EPDMSH-based systems. In non-vulcanized NBR/EPDM
(70/30 wt%) blends, the presence of the co-reactive EVASH/NBR-ox system changes

the morphology from a continuous structure towards a droplet-matrix morphology, and

also results in a significant broadening of the damping curve related to NBR transition,

observed from DMAT analysis. The effect of the compatibilization on aging has also

been evaluated (45).
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Conclusions

Polymer blending is one of the most effective and economical techniques used to obtain,

with a lower cost, new materials with distinct properties than those of each blend

component. This technique is cheaper than the synthesis of new monomers and/or new
polymerization ways in view to produce new polymeric materials.

It is known that most polymers are thermodynamically immiscible, and the blend

components usually phase-separate into distinct macroscopic domains, and consequently,

show poor properties. The introduction in the blend system of compatibilizers makes it

possible to produce polymeric materials with desirable properties.

Compatibilization of polymer blends continues to be a fruitful strategy of research

in the polymer industry. This research is focusing on applications of compatibilizer

technology such as the recycling of post-consumer plastics without extensive sorting,

the production of multi-layer film, packaging products, as well as the development of

new materials based on plastic/plastic, elastomer/elastomer, and plastic/elastomer

blends.

References

1. Burke, D.M. (1996) Ambient mechanical properties of impact-modified poly(vinyl chloride)

and methyl methacrylate copolymer blends. J. Vinyl. Addit. Techn., 2 (3): 202–206.

2. Lorenzo, M.L.Di. and Frigione, M. (1997) Compatibilization criteria and procedures for binary

blends. A review. J. Polym.Eng., 17 (6): 429–459.

3. Vyas, N., Banu, D., and Feldman, D. (2003) Polyolefin elastomer blends as an alternative to

poly(vinyl chloride) flooring. Abstracts of papers, Advanced Polymers via Macromolecular

Engineering Conference, APME, Montreal, Canada, June 21–26.

4. Pazzagli, F. and Pracella, M. (2000) Reactive compatibilization of polyolefin/PET blends by

melt grafting with glycidyl methacrylate. Macrom. Symp., 149: 225–230.

5. Hsu, W.P. (2004) Phase behavior of ternary polymer blends with hydrogen bonding. J. Appl.

Polym. Sci., 92 (5): 2797–2802.

6. Fortelny, I., Krulis, Z., Michalkova, D., and Harak, Z. (1999) Compatibilization of polyethy-

lene/polypropylene/polystyrene blends. Angew. Makromol. Chem., 270 (4678): 28–32.

7. Teyssie, Ph. (1988) Polymer blends: from molecular structure through morphology to controlled

bulk properties. Makromol. Chem., Macrom. Symp., 22: 83–87.

8. Saad, A.L.G. and El-Sabbagh, S. (2001) Compatibility studies on some polymer blend systems

by electrical and mechanical techniques. J. Appl. Polym. Sci., 79: 60–71.

9. Tiller, A.R. (1994) Estimation of polymer compatibility frommolecular mechanics calculations.

Polymer, 35 (15): 3251–3259.

10. Rui, M., Ramos, M.N., and Castiglioni, C. (1990) Charge distribution in halogenated hydro-

carbons and intermolecular interactions. A way for determining compatibility in polymer

blends. Mol. Cryst. Liq. Cryst, 187: 275–287.

11. Yoshida, H., Zang, G.Z., Kitamura, T., and Kawai, T. (2001) Compatibility of polymer blends

evaluated by crystallization dynamics. Simultaneous DSC-FTIR method. J. Therm. Anal. Cal.,

64: 577–583.

12. Ratzsch, M. and Handel, G. (1990) Interactions between polymers. Makromol. Chem.,

Macromol. Symp., 38: 81–98.

13. Koning, C., Van Duin, M., Pagnoulle, C., and Jerome, R. (1998) Strategies for compatibilization

of polymer blends. Prog. Polym. Sci., 23: 707–757.

14. Schweizer, K.S. and Curro, J.G. (1989) Integral equation theory of the structure and thermo-

dynamics of polymer blends. J. Chem. Phys., 91 (8): 5059–5081.

15. Elias, H-G. (1993) An Introduction to Plastics. VCH: Weinheim, Germany, 293–294.

Polyblend Compatibilization 601

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
1
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



16. Lemmens, J. (1996) Compatibilizers for plastics. In Recycling and Recovery of Plastics;

Bittner, M., Brandrup, J., Menges, G. and Michaeli, W., eds.; Hanser Publisher: Munchen,

Germany, 315–326.

17. Schultz, J.M. (2001) Polymer Crystallization. The Development of Crystalline Order in

Thermoplastic Polymers; American Chemical Society: Washington, DC, 93–112.

18. Rodriguez, F., Cohen, C., Ober, C.K., and Archer, L.A. (2003) Principles of Polymer Systems.

5th Ed., Taylor and Francis: New York, 29–30.

19. Cao, X. and Jiang, M. (1989) Controllable specific interaction and miscibility in polymer

blends. 1. Makromol.Chem., 190: 117–128.

20. Painter, P.C. and Coleman, M.M. (1997) Fundamentals of Polymer Science. An Introductory

Text. 2nd Ed., Technomic Publ. Co., Inc: Lancaster, PA, 212–218.

21. Stevens, M.P. (1990) Polymer Chemistry. An Introduction. Oxford University Press: New York,

N.Y., 100–104.

22. Litmanovich, A.D., Plate, N.A., and Kudryavtsev, Y.V. (2002) Reactions in polymer blends:

Interchain effects and theoretical problems. Prog. Polym. Sci., 27 (5): 915–970.

23. Fried, J.R. (1995) Polymer Science and Technology. Upper Saddle River, N.J., Prentice Hall

PTR: 263–276.

24. Ramesan, M.T., Kuriakose, B., Pradeep, P., Alex, R., and Varghese, S. (2001) Reactive proces-

sing; Compatibilization of SBR/NBR blends using chemically modified styrene butadiene

rubber. Part 1: Effect of chlorine content on compatibilizer. Int. Polym. Proc., 16 (2): 183–191.

25. Datta, S. and Lohse, D.J. (1996) Polymeric Compatibilizers. Hanser Publisher: Munich,

Germany1–40.

26. Jeon, H.K., Feist, B.J., Koh, S.B., Chang, K., Macosko, C.W., and Dion, R.P. (2004) Reactively

formed block and graft copolymers as compatibilizers for polyamide 66/PS blends. Polymer,

45 (1): 197–206.

27. Ajji, A. and Utracki, L.A. (1996) Interphase and compatibilization of polymer blends. Polym.

Eng.Sci., 36 (12): 1574–1585.

28. Machado, J.S. and Lee, C.S. (1993) Compatibilizing immiscible blends with a mutually miscible

homopolymer. Plastics Engineering, 10: 33–36.

29. Liu, N.C. and Baker, W.E. (1992) Reactive polymers for blend compatibilization. Adv. Polym.

Technol., 11 (4): 249–262.

30. Moan, M., Huitric, J., Mederic, P., and Jarrin, J. (2000) Rheological properties and reactive com-

patibilization of immiscible polymer blends. J. Rheol., 44 (6): 1227–1245.

31. Majumdar, B. and Paul, D.R. (2000) Polymer Blends. Paul, D.R. and Bucknall, C.B., eds.;

New York; Vol. 1, pp. 539–581.

32. Zacur, R., Goizueta, G., and Capiati, N. (2001) Compatibilized PP/PHAE blends by reactive

blending, Annual Technical Conference, ANTEC Technical Papers, 59th Conference, Society

of Plastics Engineers. May 6–10, Dallas, TX., 2001, Vol. 3, 3573–3578.

33. Qiao, F., Migler, K.B., Hunstan, D.L., and Han, C.C.. (200)Reactive compatibilization and in-

line morphological analysis of blends of PET and thermotropic liquid crystalline polymer.

Polym. Eng. Sci., 41 (1): 77–85.

34. Hu, G.H., Cartier, H., Feng, L.F., and Li, N.G. (2004) Kinetics of the in situ polymerization and

in situ compatibilization of polypropylene and polyamide 6 blends. J. Appl. Polym. Sci., 91 (3):

1498–1504.

35. Prollius, S. and Haberstroh, E. (2001) Process optimization for reactive blending and compati-

bilization of PA 6 and PET in extrusion. Society of Plastics Engineers, Annual Technical

Conference, ANTEC Technical Papers, 59th Conference, Society of Plastics Engineers.

S.P.E. Brookfield, CT, May 6–10, Dallas, TX., 2001, Vol. 3, 2775–2781.

36. Hlavata, D., Krulis, Z., Harak, Z., Lednisky, F., and Hromadkova, J. (2001) The role of lubri-

cants in reactive compatibilization of polyolefin blends. Macromol. Symp., 176: 93–106.

37. Kim, J.K., Kim, S., and Park, C.F. (1997) Compatibilization mechanism of polymer blends with

an in situ compatibilizer. Polymer, 38 (9): 2155–2164.

D. Feldman602

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
1
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



38. Kroeze, E., Brinke, G.T., and Hadzioannou, G. (1997) Compatibilization of blends of low

density polyethylene and poly(vinyl chloride) by segmented EB(SAN-block-EB)N block co-

polymers. Polymer, 38 (2): 379–389.

39. Hu, G.H., Sun, Y.J., and Lambla, M. (1996) Devolatilization. A critical sequential operation for

in situ compatibilization of immiscible polymer blends by one-step reactive extrusion. Polym.

Eng. Sci., 36 (5): 676–685.

40. Baker, D.A., Brown, P.J., and Ellison, M.S. (2003) Novel compatibilizers for bi-component

materials. Polym. Mater, Sci. Eng., 89: 122–123.

41. Rongwei, W., Wei, W., Zhengin, S., and Yanmim, X. (2004) Reactive Compatibilization of

Nylon 6/ABS Blends. Polym. Prep. American Chemical Society: Washington, DC; Vol. 45

(2), 754–755.

42. Filippi, S., Yordanov, H., Polacco, G., and Talarico, M. (2004) Reactive Compatibilizer

Precursors for LDPE/PA6 Blends. 4:maleic anhydride and glycidyl methacrylate grafted

SEBS. Macromol. Mat. Eng., 289 (6): 512–523.

43. Haba, Y. and Narkis, M. (2004) Development and characterization of reactively extruded PVC/

polystyrene blends. Polym. Eng. Sci., 44 (8): 1473–1483.

44. Soares, B.M., Almeida, M.S.M., and Guimaraes, P.I.C. (2004) The reactive compatibilization of

NBR/EVA blends with oxazoline-modified nitrile rubber. Eur. Polym. J., 40 (9): 2185–2194.

45. Oliveira, M.G., Gomes, A.C.O., Almeida, M.S.M., and Soares, B.G. (2004) Reactive compati-

bilization of NBR/EPDM blends by the combination of mercapto and oxazoline groups.

Macromol. Chem. Phys., 2054): 465–475.

46. Feng, W. and Isayev, A.I. (2004) In situ ultrasonic compatibilization of dynamically vulcanized

PP/EPDM blends, Annual Technical Conference, ANTEC Technical Papers, 62th Conference,

Society of Plastics Engineers. Chicago, IL, May 16–20, 2004, Vol. 2, 2092–2096.

47. Lebovitz, A.H. and Torkelson, J.M. (2004) Mixing and compatibilization of polymer blends by

solid-state shear pulverization: effects of microscopic composition, processing aids, and pulver-

ization parameters, Annual Technical Conference, ANTEC Technical Papers, 62th Conference,

Society of Plastics Engineers. Chicago, IL, May 16–20, 2004, Vol. 2, 2699–2703.

48. Duxin, L., Demin, J., and Ping, Z. (2004) Compatibilization of polypropylene/nylon 6 blends

with a propylene solid phase graft. J. Appl. Polym. Sci., 93 (1): 420–427.

49. Bertin, S. and Robin, J.J. (2002) Study and characterization of virgin and recycled LDPE/PP

blends. Eur. Polym. J., 38 (11): 2255–2264.

50. Hippi, U., Korhonen, M., Paavol, S., and Seppala, J. (2004) Compatibilization of polypropy-

lene/polyamide 6 blends with funtionalized polypropylenes prepared with metallocene

catalyst. Macromol. Mat. Eng., 289 (8): 714–721.

51. Kim, B.J. and White, J.L. (2003) Compatibilized blends of PVC/PA12 and PVC/PP containing

poly(lauryl lactam-block-caprolactone). J. Appl. Polym. Sci., 91: 1983–1992.

52. Jeroen, W. and Fabrizio, T. (2002) Compatibilization of PC/ABS blends with core-shell

particles, Proceedings Addcon 2002, The 8th Conference International Plastics Additives and

Modifiers, Budapest, Hungary, Oct. 22–23 191–201.

53. Zhu, S.H., Chan, C.M., Wong, S.C., and Mai, Y.W. (1999) Mechanical properties of PVC/SBR

blends compatibilized by acrylonitrile-butadiene rubber and covulcanization. Polym. Eng. Sci.,

39 (10): 1998–2006.

54. Tsebrenko, M.V., Rezanova, N.M., and Tsebrenko, I.A. (2002) Ultrathin polypropylene fibers

from polymer blend melts. Fibre Chemistry, 34 (4): 263–270.

55. Zaikin, A.E., Galikhanov, M.F., Zverev, A.V., and Arkireev, V.P. (1998) The effect of filler on

mutual compatibility of polymer blend components. Polymer Science, 40 (5): 499–503.

56. Xu, C., Fang, Z., and Zong, J. (1993) Study on compatibilization-crosslinking synergism in

PVC/LDPE blends. Angew. Makromol. Chem., 212 (3745): 45–52.

57. Eastwood, E.A. and Dadmun, M.D. (2002) Compatibilization of poly(vinyl chloride) and poly-

olefin elastomer blends with multiblock/blocky chlorinated polyethylenes. Polymer, 43 (25):

6707–6717.

Polyblend Compatibilization 603

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
1
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



58. Singer, M., Simon, G.P., Varley, R., and Nobile, M.A. (1996) The effect of compatibilization

on the behavior of polycarbonate/polymer liquid crystal blend. Polym. Eng. Sci., 36 (8):

1038–1047.

59. La Mantia, F.P., Scaffaro, R., Magagnini, P.L., Paci, M., Chiezzi, C., Sek, D., Minkova, L.I., and

Miteva, T.S. (1997) Compatibilization of blends of polyethylene with a semirigid liquid crystal-

line polymer by PE-g-LCP copolymers. Polym. Eng. Sci., 37 (7): 1164–1170.

60. Hlavata, D., Hromadkova, J., Fortelny, J., Hasov, V., and Pulda, J. (2004) Compatibilization

efficiency of styrene-butadiene triblock copolymers in polystyrene-polypropylene blends with

varying compositions. J. Appl. Polym. Sci., 92 (4): 2431–2441.

61. Geng, Y., Li, K., and Simonsen, J. (2004) Effects of a new compatibilizer system on the flexural

properties of wood-polyethylene composites. J. Appl. Polym. Sci., 91 (6): 3667–3672.

62. Eastwood, E.A. and Dadmum, M.D. (2002) Multiblock copolymers in the compatibilization of

polystyrene and poly(methyl methacrylate) blends: role of polymer architecture. Macro-

molecules, 35 (13): 5069–5077.

63. Benderly, D., Siegman, A., and Narkis, M. (1997) Structure and behave of multicomponent

immiscible polymer blends. J. Polym. Eng., 17 (6): 461–489.

64. Lahor, A., Nithitanakul, M., and Grady, B.P. (2004) Blends of low-density polyethylene with

nylon compatibilized with a sodium-neutralized carboxylate ionomer. Eur. Polym. J.,

40 (11): 2409–2420.

65. Hong, P-D., Huang, H-T., and Chou, C-M. (2000) Study of the solvent effect on miscibility

between poly(vinyl chloride) and poly(methyl methacrylate) in the solution state; viscometric

measurements. Polym. Int., 49 (4): 407–411.

66. Li, H. and Ruckenstein, E. (2001) Highlight–concentrated emulsion pathway to self-compati-

bilization of polymer blends. J. Polym. Sci. A., Polym. Chem., 39 (6): 757–764.

67. Teh, P.L., Ohd-Ishak, Z.A., Hashim, A.S., Karger-Kocsis, J., and Ishiaku, U.S. (2004) Effects of

epoxidized natural rubber as a compatibilizer in melt compounded natural rubber-organo-clay

nanocomposites. Eur. Polym. J, 40 (11): 2513–2521.

68. Hisham, E. and Doaa, E.N. (2004) The use of montmorillonite as a reinforcing and compatibiliz-

ing filler fot NBR/SBR rubber blend. Polymer Testing, 23 (7): 803–807.

69. Jo, W.H. and Yang, J.S. (2002) Molecular simulation approaches for multiphase polymer

systems. In Advances in Polymer Science; Abe, A., ed.; Berlin: Springer Verlag, 156, 1–52.

70. Isayev, A.Y. and Hong, C.K. (2002) Novel Ultrasonic Process for in situ Copolymer Formation

and Compatibilization of Immiscible Polymers, Annual Technical Conference, ANTEC

Technical Papers, San Francisco, 60th Conference, Society of Plastics Engineers. S.P.E.

Brookfield, CT, CA, May 5–9, 2002, Vol. 2, 1334–1339.

71. Cartier, H. and Hu, G-H. (1999) Morphology development of in situ compatibilized semicrystal-

line polymer blends in a co-rotating twin-screw extruder. Polym Eng. Sci., 39 (6): 996–1013.

72. Franzheim, O., Rische, T., Stephan, M., and MacKnight, W.J. (2000) Blending of immiscible

polymers in a mixing zone of a twin screw extruder compatibilization. Polym. Eng. Sci.,

20 (5): 1143–1157.

73. Jaisankar, S.N. and Radhakrisnan, G. (2000) Effect of compatibilizer on morphology and mech-

anical properties of TPU/SAN blends. Polym. Eng. Sci., 40 (3): 621–626.

74. Ulcnik-Krump, M. and De Lucca, F.L. (2004) The study of morphology, thermal and thermo-

mechanical properties of compatibilized TPU/SAN blends. Polym. Eng. Sci., 44 (5): 838–852.

75. Danella, O.J., Jr. and Manrich, S. (2003) Morphologycal study and compatibilizing effects on

polypropylene/polystyrene blends. Vysokomol. Soed., Seria A/B, 45 (11): 1821–1829

(abstract ACS Sci Finder).

76. Colbeaux, A., Fenouillot, F., Gerard, J.F., Taha, M., and Wautier, H. (2004) Compatibilization

of a polyolefin blend through covalent and ionic coupling of grafted polypropylene and poly-

ethylene. II. Morphology. J. Appl. Polym. Sci., 93 (5): 2237–2244.

77. Ebadi, H., Yousefi, A.A., and Oromiechie, A. (2004) Morphology and rheological, thermal and

thermomechanical properties of PP/PET blends. Iranian Journal of Polymer Science and Tech-

nology, (Sci Finder abstract) 16 (6): 381–390.

D. Feldman604

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
1
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



78. Yu, Z. and Kancheng, M. (2004) Phase morphologies of compatibilized PP/PS blends. Hecheng

Shuzhi Ji Suliao., 21 (1): 62–65(Sci Finder abstract).

79. Na, Y.H., He, Y., Shuai, X., Kikkawa, Y., Doi, Y., and Inoue, Y. (2002) Compatibilization

effects of poly(1-caprolactone)-b-poly(ethylene glycol) block copolymers and phase mor-

phology analysis in immiscible polylactide/poly(1-caprolactone) blends. Biomacromolecules,
3 (6): 1179–1186.

80. Ailing, Z., Baoyan, Z., and Zhiliu, F. (2002) Compatibilization by main-chain thermotropic

liquid crystalline ionomer of blends polybutylene terephthalate/polypropylene. J. Appl.

Polym. Sci., 85 (5): 1110–1117.

81. Bayram, G., Yilmaze, U., and Xanthos, M. (2001) Compatibilization and characterization of

blends of styrene-maleic anhydride copolymer with modified polyethylenes. J. Appl. Polym.

Sci., 80 (5): 790–797.

82. Kim, S.J., Kang, C.J., Chowdhury, S.R., Cho, W.J., and Ha, C.S. (2003) Reactive compatibiliza-

tion of the poly(butylene terephthalate) – EVA blend by maleic anhydride. II. Correlations

among gel contents, grafting yields, and mechanical properties. J. Appl. Polym. Sci., 89 (5):

1305–1310.

83. Radonjik, G. and Gubeljak, N. (2001) Compatibilization of recycled polyethylene/polystyrene
blends. Polimeri (Zagreb, Croatia,), 22 (5–6): 155–160 (Sci Finder abstract).

84. Abdouss, M., Sanjani, N.S., Aziznejad, F., and Shabani, M. (2004) Effects of compatibilization

of oxidized polypropylene on PP blends of PP/PA6 and PP/talc. J. Appl. Polym. Sci., 92 (5):

2871–2883.

85. Boykin, T.L. and Moore, R.B. (1998) The role of specific interactions and transreactions on the

compatibility of polyester ionomers with poly(ethylene terephthalate) and Nylon 66. Polym.

Eng. Sci., 38 (10): 1658–1665.

86. Chiu, F-C. and Min, K. (2000) Miscibility, morphology and tensile properties of vinyl chloride

polymer and poly(1-caprolactone) blends. Polym. Int., 49: 223–234.

87. Dong, L., Xiong, C., Wang, T., Liu, D., Lu, S., and Wang, Y. (2004) Preparation and properties

of compatibilized PVC/SMA-g-PA6 blends. J. Appl. Poly. Sci., 94 (2): 432–439.

88. Thielmans, W. and Wool, R.P. (2004) Butyrated kraft lignin as compatibilizing agent for natural

fiber reinforced thermoset composites, Composites, Part A. Applied Science and Manufacturing,

35 (3): 327–338.

89. Martin, P., Maquet, C., Legra, R., Bailly, C., Leemans, L., van Gurp, M., and van Duin, M.

(2004) Particle-in-particle morphology in reactively compatibilized poly(butylenes terephta-

late)/epoxide-containing rubber blends. Polymer, 45 (10): 3277–3284.

90. Ljungqvis, N. and Hjerberg, T. (1995) Conducting polymer blends of poly(3-octylthiophene and

poly(vinyl chloride) and the influence of a plasticizer on the compatibility. Synthetic Metals, 71:

2251–2252.

91. Zhang, S.H., Jin, X., Painter, P.C., and Runt, J. (2004) Composition-dependent dynamics in

miscible polymer blends: influence of intermolecular bonding. Polymer, 45 (11): 3933–3942.

92. Xiaodong, W. and Xin, L. (2004) A polymer network based on thermoplastic polyurethane and

ethylene-propylene-diene elastomer via melt blending: morphology, mechanical properties, and

rheology. Eur. Polym. J., 40 (10): 2391–2399.

93. Aravind, I., Alberet, P., Rabgabathaiah, C., Kurian, J.V., and Thomas, S. (2004) Compatibiliz-

ing effect of EPM-g-MA in EPDM/poly(trimethylene terephthalate) incompatible blends.

Polymer, 45 (14): 4925–4937.

Polyblend Compatibilization 605

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
1
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


