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T
his article presents an extensive survey of the current knowledge in the field of

a recently emerged linear aromatic polyester, poly(trimethylene terephthalate)

(PTT), as a promising thermoplastic polymer for engineering applications cur-

rently addressed by linear polyamides, as well as two other linear aromatic polyesters,

i.e., poly(ethylene terephthalate) (PET), and poly(butylene terephthalate) (PBT). To

offset relatively high cost and further improve the physical properties, tailoring PTT to

specific performance-cost profile taking advantage of blending with other polymers

has received substantial interest. Critical results of the published papers available

within the literature on PTT-based blends are cited in this article. From the standpoint

of integrating the features of both polymers and nanoparticles into composite materi-

als, the impressive technology of nanocomposites has been increasingly drawing aca-

demic and scientific attraction where the polyester nanocomposites, including those

based on PTT matrix in particular, have also been successfully delivered with desired

properties. The recent advances in the area of PTT-based nanocomposites are then

reviewed in this survey. A concise discussion on the future trends in the aforemen-

tioned fields is lastly presented.
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INTRODUCTION

The present arena of engineering thermoplastic poly-

mers (ETPs) is chiefly shared by three principal

groups of thermoplastic materials. The first group,

with the most commercial significance, consists of

semi-crystalline polymers having melting tempera-

tures higher than 200ºC and less than 270ºC such as

aromatic polyesters. The second group is comprised

of the amorphous polymers with glass transition tem-

peratures above 150ºC such as polycarbonates. The

last group is populated by distinct, high-temperature

polymers, either crystalline or amorphous, which

have melting temperatures above 270ºC or glass tran-

sition temperatures above 200ºC such as polyether-

imides. 

Within the first class of ETPs, poly(ethylene

terephthalate) (PET) and poly(butylene terephthalate)

(PBT), commercially available since long ago, are of

substantial importance because of desirable perform-

ance turning them into well-suited materials for vari-

ous applications. Poly(trimethylene terephthalate)

(PTT) has been recently introduced by Shell

Chemicals Co. as a commercial polymer joining the

other aromatic polyesters. Commercialization of PTT

was mainly made viable by a breakthrough in synthe-

tic process of the monomer 1,3-propanediol (PDO)

which enabled PTT to be produced at costs appropri-

ate for commercialization. 

In this paper, we first direct our focus towards giv-

ing a background from properties and potential appli-

cations of PTT. Then, consecutive reviews of recent

contributions made on characterizing PTT along with

its blends and nanocomposites as two modern

approaches for improving the properties and expand-

ing applications window are presented. What follows,

to the best of our knowledge, is the first comprehen-

sive survey on this subject.

BACKGROUND

Synthesis and Structure of PTT

PTT was first synthesized by Whinfield and Dickson

of Caligo Printing Inks [1]. Further commercializa-

tion, in fact, was deferred through lack of readily

available PDO, one of the starting materials for the

synthesis of PTT. Shell Chemicals Co. has recently

commercialized a route based on the hydroformyla-

tion of ethylene oxide. The resulting PDO undergoes

bulk polymerization with terephthalic acid (TPA) to

yield PTT [2]. The repeating unit structure of PTT is

shown in Scheme I.

Properties and Performance of PTT

PTT is a fast crystallizing polyester. In solid state, the

polymer is an opaque thermoplastic well-suited for

uses where rigidity, strength, and toughness are

demanded. The molten PTT can be extruded into

sheets and stretched into films. The chain conforma-

tion of the odd-numbered, methylene glycol derived

polymer leads to a unique crystal structure, being

springy in its longitudinal axis, which provides high

resilience. For ETP applications, PTT may be rein-

forced with surface-modified fillers to manufacture

high-strength composites. PTT films exhibit softness

and good high shrinkage and shrink force at low tem-

peratures. Compounded resins based on PTT matrix,

possess an outstanding combination of the strength  

Scheme I. PTT Repeating unit structure.
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Table 1. Some properties of unfilled aromatic polyesters of

PET, PBT and PTT [3].

and modulus, high heat deflection temperature,

impact strength, rapid crystallization rate, while pre-

serving dimensional stability, electrical insulation,

chemical resistance [3]. 

PTT in Comparison with PET and PBT

The fundamental distinction among monomers of

three aromatic polyesters goes back to the number of

methylene groups along the backbone. The attributes

exhibited by neat PTT lie in between those of two

other aromatic polyesters, PET and PBT. PET with

higher stiffness and glass transition (Table 1) has the

greatest possibility to be consumed neat, however,

due to slow crystallization rate; it may not be mould-

ed in pure state within adequate moulding cycles. On

the other hand, PBT has fairly rapid rate of crystal-

lization and consequently short cycle times while hav-

ing a rapid loss of modulus as the temperature increas-

es since glass transition of this material is quite low.

PTT has good potentials at serving both processing

and property requirements of applications where a

neat polymer is of primary choice. Also, a comparison

of properties between PTT and PET gives the impres-

sion that the former is significantly softer than the lat-

ter. Besides, PTT has a lower tendency to absorb

moisture than PET and PBT in addition to improved

colorability over PBT [4].

The major part of ETP applications requires rein-

forcement by glass or other high-modulus fillers in

order to accomplish adequate levels of stiffness and

heat distortion temperature (HDT). When PTT is

compounded with appropriately sized glass fibres, a

composite emerges which appears to assume a unique

relationship between flexural modulus and glass fibre 

Table 2.  Some properties of glass fibre reinforced aromat-

ic polyesters of PET, PBT and PTT [3].

content, more favourable than any of other ETP. 

Simultaneously, it has high strength and toughness

with a HDT better than PBT. On the basis of Table 2

data, one can observe that the balance in properties

clearly favours PTT over either PET or PBT [3]. 

Potential Applications Anticipated for PTT

The major use intended for PTT is as carpet fibre. Its

excellent combination of stain resistance and

resilience with basic polyester features extends to

other markets such as textiles, films, and now engi-

neering thermoplastics. Typical potential ETP appli-

cations anticipated for PTT and its compounded

resins are, electrical and electronic connectors, coil

forms, plugs, sockets, receptacles, switches, automo-

tive lamp sockets, wire harnesses, sensors, solenoids,

motor housings, wiper blades, luggage racks, leaf

screens appliance, power tool components, office fur-

niture and hardware brush filaments [2-7]. 

RECENT REPORTS ON PTT HOMOPOLYMER

Despite being emerged as commercialized polyester

for a rather short period, PTT has proved to draw both

scientific and industrial interest through numerous

exhaustive studies. In this survey, with special empha-

sis on non-fibrous aspects, we plan to highlight the

major conclusions drawn from recent reports on char-

acterization of neat PTT to further elaborate on basic

characteristics of this material.

Crystallization and Melting Behaviour

As to high tendency of PTT towards crystallization 
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Properties PET

28 wt%

GF

PTT

30 wt%

GF

PBT

30 wt%

GF

Tensile strength (MPa)

Flexural modulus (GPa)

HDT at 1.8 MPa (ºC)

Notched Izod impact (J/m)

Specific gravity

Mould shrinkage (m/m)

159

8.97

224

101

1.56

0.002

159

10.35

216

107

1.55

0.002

115

7.60

207

85

1.53

0.002

Properties PET PTT PBT

Tensile strength (MPa)

Flexural modulus (GPa)

HDT at 1.8 MPa (ºC)

Notched Izod impact (J/m)

Specific gravity

Mould shrinkage (m/m)

Melt temperature (ºC)

Glass transition temperature (ºC)

72.5

3.11

65

37

1.40

0.03

265

80

67.6

2.76

59

48

1.35

0.02

225

45-75

56.5

2.34

54

53

1.34

0.02

228

25



Figure 1. Melting behaviour of PTT at different heating rates

[15]. With kind permission of J.Wiley & Sons, Inc.

and noticeable effects of crystallinity on the perform-

ance of the polymer, the major part of the articles on

PTT deals with isothermal and dynamic crystalliza-

tion kinetics and melting behaviour [8-29]. 

The majority of the research carried out on isother-

mal crystallization kinetics together with melting

behaviour of neat PTT have reported of a multiple

melting behaviour appeared during the heating scan

[8-15]. However, at very low or very high heating

rates, the multiple endotherms were observed tending

to merge into a single endotherm considered as com-

plete melting without reorganization, as observed in

Figure 1 for high heating rates.  The researchers pos-

tulated that the occurrence of the multiple melting

peaks was due to the melting of primary crystallites,

melting of crystallites formed on recrystallization,

and melting of reformed crystallites with different sta-

bilities. Based on the literature, the prevailing mecha-

nism in charge of the isothermal melt crystallization

of PTT was believed to be a combination of nucle-

ation and growth in which crystallization temperature

played a vital role. PBT revealed the highest crystal-

lization rate with the rate constant about an order of

magnitude higher than PTT which in turn was an

order of magnitude higher than PET [11].

Studies on the crystallization parameters of pure

PTT in non-isothermal mode along with the subse-

quent melting characteristics showed that the control-

ling mechanism for non-isothermal crystallization

was a combination of nucleation and growth [16-20].

At low and medium heating rates, a sequential melt-

ing behaviour was observed and PTT revealed cold

crystallization. Also it was found that the maximum

crystallization temperature decreased as the cooling

rate increased, and increasing of cooling rate had an

inverse effect on the crystallizability of PTT. A com-

parative study on non-isothermal crystallization

behaviour of aromatic polyesters proved the follow-

ing order in terms of the crystallizability:

PBT>PTT>PET [17].

On correlation of molecular weight with crystal-

lization behaviour of PTT, the reports are in some dis-

cord with each other. In a paper [21], the overall rate

of crystallization was found to increase with molecu-

lar weight, as well as, at the same cooling rate, higher

molecular weights resulted in a narrower crystalliza-

tion peak and higher onset crystallization temperature.

However, elsewhere [22], the overall rate of bulk

crystallization was reported to decrease with raising

the molecular weight. Also, the enthalpy for cold

crystallization, the melting enthalpy, the melting

point, the enthalpy of melt crystallization, and

spherulite sizes were demonstrated to diminish upon

increasing the molecular weight. 

There are other contributions of specialty subjects

pertaining to crystallization and crystal morphology

of PTT, among which are those concerning spherulite

morphology and its evolution during crystallization

process [8,23-25]. It was unanimously reported that

PTT spherulites were of banded type, possibly due to

the multiple lamellae, and during the PTT crystalliza-

tion process, a morphological transition was observed

within the spherulites until reaching low temperatures

where changed to non-banded type. The distance

between these bands decreased upon diminishing the

thickness of sample and crystallization temperature

[23]. 

The structural characterization of crystal unit cell

of PTT is another specialty subject whose reports

were among the earliest papers on neat PTT [26,27].

Iranian Polymer Journal / Volume 17 Number 1 (2008)22
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The crystal structure of PTT was found to be triclinic

in which the chain molecules are normal to the base

plane of the single crystal. 

Increasing the degree of crystallinity is occasional-

ly favoured with an aim at improving properties. This,

in case of PTT, could be achieved either through

introduction of chemical agents [28], such as organic

salts, or performing self-nucleation treatment [29].

Based on the former work, a remarkable improvement

in the crystallization rate of PTT was observed at a

minimum polymer decomposition cost by introducing

a proper amount of an organic salt. Study in the self-

nucleation treatment of PTT showed an increase in the

crystallization temperature of PTT leading to a

decrease in activation energy of crystallization and

promoted the crystallinity. 

Mechanical Properties 

The experimental data obtained from the research per-

formed on PTT verified that the tensile and flexural

strengths of this polymer were higher than that of

PBT; however the latter showed higher impact

strength and elongation-to-break than the former [30].

Also incorporation of glass fibre into neat PTT more

efficiently fostered the mechanical properties com-

pared to PBT. It was found that when PTT samples

aged at an ambient temperature, the crystallization

temperature and yield strain decreased while the ten-

sile modulus, yield stress, breaking stress, elongation-

at-break, and heat of crystallization increased [31-34].

Figure 2 demonstrates the effect of annealing time on 

Figure 2. Modulus of samples annealed at 50ºC versus anneal-

ing time [31]. With kind permission of J.Wiley  & Sons, Inc.

the tensile modulus. The researchers have explained

that the change in the glass-transition temperature on

annealing is associated with the molecular constraint

due to recrystallization and the mobility of rigid

amorphous PTT chains. As to the performance of

recycled PTT [35], it was observed that Young's mod-

ulus and the yield stress of PTT after reprocessing in

an extruder up to 4 cycles remained almost constant

and gradually decreased with successive extrusion

cycles. They concluded that the continuous reduction

in the break properties due to reprocessing was small-

er than that found in similar polyesters. 

Property Modulation by Structural Modification

A number of studies were made on inducing structur-

al alterations along the PTT chain in hope of modulat-

ing some properties of PTT homopolymer, among

which copolymerization technique was of primary

interest [36-39]. Incorporation of trimethylene iso-

phthalate (TI) [36], p-cetoxybenzoic acid (POB) [37],

and ethylene glycol (EG) [38,39] units into the macro-

molecular structure of PTT were examined and an

improvement in mechanical or thermal performance

of PTT to some degrees was concluded. These

monomers form miscible random copolymers with

trimethylene terephthalate unit. In a novel approach

[40], PTT was converted into an unsaturated polyester

in order for the polymer to become potentially cross-

linkable and in turn, its limitations as an ETP, such as

low thermal resistance somewhat to be overcome.

They proved that glycolysis of PTT followed by solid-

state polymerization is an alternative for the prepara-

tion of unsaturated polyesters (Scheme II). 

Thermal and Chemical Decomposition 

A limited number of attempts were made on the ther-

mal decomposition of PTT [41-43]. It was observed

that under inert atmosphere, PTT exhibited mainly

one thermal decomposition step and the initial degra-

dation temperature, the temperature at the maximum

weight-loss rate, and the activation energy for decom-

position increased with molecular weight while

weight-loss rate diminished [42,43]. On the other

hand, under air atmosphere, PTT underwent a two-

step degradation process by a different mechanism

having much lower initial decomposition temperature

and activation energy of degradation in comparison

A Review on Homopolymer, Blends, and ...Khonakdar HA et al.
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with those seen under inert ambience [43]. In a com-

parative approach [41], during a thermal decomposi-

tion test, it was also observed that both PTT and PBT

underwent molecular weight diminution faster than

PET which was assigned to the contribution of chain

propagation reactions due to unstable vinyl end-

groups. 

Depolymerziation of PTT using an organic solvent

at high temperature with an aim at recycling this poly-

mer was also carried out [44] and reported that PTT

quantitatively decomposed into monomers under cer-

tain conditions, and observed an appreciable increase

in the reaction yield as the temperature was raised.

IMPROVEMENT OF PTT PERFORMANCE

VIA BLENDING

Prominence of Aromatic Polyesters Blends

Blending is a convenient route to time-efficient and

cost-effective upgrading of commodity resins togeth-

er with tailoring such resins to specific performance

profiles for the desired applications. Conspicuous

advantages of polymer blending are lower production

expenses, faster development, recycling convenience,

and tailored properties [45,46]. Blending of aromatic

polyesters either with themselves or with other poly-

mers has arisen as a significant development activity

on the part of resin suppliers, as well as processors

and, at times, consumers. Two factors contribute to

the growth of aromatic polyester-based blends. First,

the growth rate of new and traditional polyester

blends applications and second, the issues of reuse

and recycling [47]. Polymers that are blended with

polyesters to develop high performance materials

chiefly include crystalline ETPs, amorphous ETPs,

and thermoplastic elastomers (TPEs). In this part of

review article, we aim to present a brief survey of the

published reports on PTT blends with special empha-

sis on prominent achievements.    

Blends of PTT with Crystalline ETPs

The blends of crystalline ETPs with aromatic poly-

esters represent an important group of materials.

Crystalline ETPs used for this application are

polyamides, poly(ethylene naphthalate) (PEN), and

polyolefins. Typically, the second thermoplastic to be

combined in blends and alloys with thermoplastic

polyesters is chosen so as to promote the cost effec-

tiveness, or the properties such as processability,

mechanical properties, thermal performance, chemi-

cal, and warpage resistances being the driving force

behind inventing this group of blends. 

Blends of PTT with PET and PBT
Blends of aromatic polyesters with themselves are

commercially available in glass-reinforced injection

moulding grades having lower cost, excellent surface

appearance, high strength and rigidity, besides, high

thermal resistance. In fact, good ultimate properties of

the blends result from both crystallizability of the

components and miscibility [47]. Blends of PTT with

PET and PBT have recently been subject of some

research regarding this fact that PTT has a combina-

tion of good processability of PBT and high mechan-

ical performance of PET [48-53].
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Research carried out on binary blends of PTT and

PET have reported the complete miscibility of this

system detected by a single glass transition tempera-

ture, and behaviour in subsequent melting characteris-

tics where the observed melting temperatures

decreased upon increasing the amount of the minor

component. The cold crystallization temperature was

found to decrease on increasing PTT content, where-

as the melt-crystallization temperature decreased with

increasing amount of the minor component. Besides,

some transesterification reactions were observed to

occur upon increasing temperature as obvious from

melting peak broadening and merging together [48-

49]. 

According to reports made on PTT/PBT blends,

this system was proved to be completely miscible evi-

dent from a unique glass transition temperature which

increased upon addition of PTT content [50-52].

Besides, melting point depression behaviour, similar

to PTT/PET blends, was reported as well. Increasing

the content of PTT in the blends was observed to

adversely affect the overall crystallinity (Figure 3)

and crystallization rate of the blends. Increasing PTT

fraction in blend raised the cold crystallization and

reduced the melt crystallization temperatures [50-52]. 

On the ternary blends of PTT/PBT/PET, within the

entire range of compositions covered; the blends were

reported to be miscible. There were found two melt-

ing peaks for each blend in which higher melting peak

corresponded to the melt of the crystals of PET and

lower melting peak corresponded to PBT and PTT or

mixed crystals of PTT/PBT. Also the crystallization

rate of the ternary blends with more PET content was

Figure 3. Crystallinity of PTT/PBT against PTT content [51].

With kind permission of Elsevier Ltd.

found to be faster than that with the lesser one at a

given cooling rate [53]. 

Blends of PTT with Poly(ethylene naphthalate)
Poly(ethylene naphthalate) (PEN) is an expensive

polyester possessing a higher end property profile

especially in terms of thermal resistance and gas bar-

rier. However, the high cost of PEN inhibits the com-

mercial understanding of its application potentials.

The driving force of blending PEN with other poly-

esters such as PET is to produce materials having high

thermal and barrier characteristics of PEN at an effec-

tive cost in order for commercial exploitation of the

applications of PEN to become feasible [47]. 

Research conducted on blends of this polyester

with PTT showed that they were miscible when

annealed at temperatures higher than melting points 

of both components due to some transesterification

reactions at the interface. Transesterification was

assumed to produce random copolymers at the inter-

face. Also a melting point depression was depicted in

which the observed melting temperatures decreased

with raising the amount of the minor phase. In addi-

tion, it was reported that those blends with more PTT

component had higher crystallization growth dimen-

sion, crystallization rate, and the degree of crystallini-

ty in comparison with those having less PTT. Cold

crystallization peak was found to shift to lower tem-

peratures on increasing PTT content [54-56], as sum-

marized in Table 3. 

Blends of PTT with Polyolefin
The combination of polyesters with polyolefins gives  

rise to an important class of novel materials [57-59].

Table 3. Crystallinity and cold-crystallization temperatures

of PTT/PEN at various compositions [54].

With kind permission of Elsevier Ltd.
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Blend composition

(PTT/PEN)

Crystallinity

(%)

Cold-crystallization

temperature (ºC)

0/100

20/80

40/60

50/50

60/40

80/20

100/0

27.2

25.7

23.2

22.3

19.5

21.3

24.7

180

160

140

130

120

90

65



In fact, the possibility of making new fibers and

filaments from blending polyesters and polyolefins

has motivated working on such blends. The use of

recycled scrap from PET/polyolefin blends is another

reason behind current interest in developing this class

of materials. As for blending of PBT and developing

such blends. As for blending of PBT and polyolefins,

the major incentive is to improve the dielectric prop-

erties of PBT at a reduced compound cost. With

regards to inherent immiscibility of polyesters and

polyolefins, both physical and reactive compatibiliza-

tions are integral parts of their blends technology [47]. 

In a series of attempts [60,61], linear low-density

polyethylene (LLDPE) was chosen as the second

component in blend of PTT/polyolefin which was

found immiscible showing two distinct glass transi-

tion temperatures. Blending was observed to have an

adverse influence on the crystallinity of base poly-

mers. A low molecular weight compatibilizer based

on glycidyl methacrylate (GMA) was employed to

reactively modify the interface proved to be efficient

in reducing the droplet size of dispersed phase,

increasing the interfacial area, and stabilizing the

blend morphology (Figure 4). Although the compati-

bilizer generally was found to interfere with the crys-

tallization rate but had different effects on crystalliza-

tion degree of the constituents.

Metallocene isotactic polypropylene (MIPP) was

also used to prepare PTT/MIPP conjugated fibres

[62]. PTT and MIPP chains were found to form an

immiscible system. Elsewhere [63], the crystallization

behaviour of uncompatibilized and reactive compati-
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(b)

(c)

(d)

Figure 4. Surface morphology of PTT/LLDPE 72/25 in the presence of a GMA-based terpolymer: (a) without terpolymer, (b)

2.5 wt% terpolymer, (c) 5 wt% terpolymer, and (d) 10 wt% terpolymer [60]. With kind permission of Elsevier Ltd.



bilized PTT/PP blends by PP-g-MA was explored and

understood that in both blends; PTT and PP crystal-

lization rates were accelerated particularly at low con-

centrations. It was found that the addition of the com-

patibilizer induced a retardation effect on crystalliza-

tion of the blend components.

Blends of PTT with Polyamide
The target applications of PTT/polyamide blends

mainly include tough injection moulded automotive

parts of hollow or solid configuration that may be

subjected to high temperature and corrosive chemi-

cals in service conditions. This group of blends offers

an outstanding set of mechanical strength together

with thermal and chemical resistance. Since blends of

polyesters and polyamides have been known to be

immiscible, compatibilization strategy through reac-

tive extrusion is an integral part of the mixing tech-

nology for this group of blends.

To the best of our knowledge, binary blend of PTT

with polyamide-12 is the only blend from this group

whose properties have so far been explored [64-67].

PTT/PA12 was found incompatible with fractured

surfaces of brittle type showing heterogeneous mor-

phology. Blending of PTT and polyamide was report-

ed to reduce the isothermal crystallization rate but

raise the cold crystallization ability of PTT. PTT was

found to spend shorter time than PA12 to reach the

final level of relative crystallinity. It was concluded

that blending imposed minor effects, however, to

some extent; it reduced the crystallinity of both con-

stituents. A terpolymer based on GMA was employed

as a compatibilizer and found that it gave rise to an

increase in complex viscosity and dynamic modulus

of the blends. It reduced the size of minor phase

droplets leading to a tough fracture surface. On the

other hand, the presence of the compatibilizer was

realized to inhibit the crystallinity of the components

and stiffness.

Blends of PTT with Amorphous ETPs

The major part of engineering polymer blends used in

automotive applications involves crystalline/amor-

phous polymer combinations. The primary reason

behind blending an amorphous engineering polymer

with aromatic polyesters is to diminish the moulding

shrinkage and to increase dimensional stability. The

amorphous phase typically provides excellent impact

strength besides the dimensional stability, while the

thermoplastic polyester being crystalline offers good

chemical resistance, good mechanical properties, and

easy melt processing. 

Blends of PTT with Polycarbonate 
Blends of bisphenol A polycarbonate (PC) and linear

aromatic polyesters comprise an important class of
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commercial blends. Typical applications of these

blends are those demanding a combination of excel-

lent low-temperature toughness, chemical resistance,

and heat resistance. Most often in this group of blends

of commercial interest, PC forms the matrix and poly-

ester is the minor phase and a reactive impact modifi-

er might also be added in small amounts to the neat

blend [47].

Blends of PTT/PC were found to show heteroge-

neous structure, however, a miscible system was

obtained through thermal treatment at high tempera-

tures [68-76]. Thermal treatment was proved to initi-

ate a series of transesterification reactions leading to a

homogeneous system with a stable morphology.

Scheme III presents the most possible structures

resulted from transesterification reactions between

PTT and PC [69]. The miscibility was assumed to be

because of the formation of block copolymers which

also suppressed the crystallization of the system. The

degree of randomness of these blocks increased and

the sequence length of the copolymers decreased

upon annealing temperature and time. Also, first heat-

ing cycle data has shown a crystallizable system in

which the addition of PC has strongly hindered the

blend crystallinity. Increasing the PC content was

demonstrated to raise thermal stability of the blend.

EPDM-g-GMA copolymers and GMA-based

resins were employed to fully compatibilize the sys-

tem, however, they were found to impose adverse

effects on the overall crystallinity of the blend

[68,75,76]. They were also observed to increase the

dynamic shear modulus and complex viscosity values

of the blends. An epoxy resin was used so as to com-

patibilize PTT/PC and realized that on addition of a

small amount of epoxy, the initial and maximum crys-

tallization temperature increased slightly to higher

temperature, and the crystallization enthalpy, howev-

er, exhibited an increased crystallinity implying posi-

tive contribution of compatibilizer to the PTT crystal-

lization, however, epoxy addition interfered with the

growth of PTT spherulites leading to imperfect ones

[75,76]. It was reported that the occurrence of epoxy

ring opening and hydrolysis reactions between epoxy

and PTT and PC during melt mixing gave rise to an

improvement in the miscibility of epoxy-containing

blends. 

Blends of PTT with Phenoxy Resin

Poly(hydroxyl ether of bisphenol A) known as phe-

noxy resin is an amorphous thermoplastic character-

ized by relatively high ductility and toughness, and

good oxygen barrier properties. According to the

literature, blends of PBT and phenoxy have been

reported to be miscible while PET/phenoxy blends
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have been found immiscible [47].

The research carried out on PTT/phenoxy resin

confirmed the partial miscibility of this system

believed to be due to the occurrence of a series of

exchange reactions between functionalities of the

components ultimately giving rise to phase homo-

geneity [77-80]. The properties of these blends were

understood to be strongly governed by transesterifica-

tion reactions leading to the formation of PTT grafted

phenoxy chains in addition to a decrease in molecular

weight of non-bonded PTT (Scheme IV). In addition,

a synergism in Young's modulus of the resulting blend

was reported [77] likely because of reduced specific

volume and changes in PTT crystallinity. However,

thermal decomposition activation energy values of

blends were found lower than pure components, as

well as, thermal stability under oxygen atmosphere

was proved to be lower compared to nitrogen atmos-

phere. It was also found that chain scission reactions

were responsible for decreasing molecular weight at

lower temperatures, while at higher temperatures for-

mation of cross-linked structures increased the ther-

mal stability of the blends [78-80].

Blends of PTT with Polyetherimide 

Polyetherimide (PEI) is an amorphous, high perform-

ance polymer having ability to maintain properties at

elevated temperatures. The goal of blending of ther-

moplastic polyesters and PEI is to cut down on the

costs and hence extending its applications span in end

uses demanding high thermal and chemical resist-

ance. Since the products of blending polyester and

PEI are transparent and can resist high temperatures,

cookware and food bowls constitute a potential

Figure 5. Young's modulus of PTT/PEI as a function of PTT

composition with respect to the rule of mixtures represented by

the broken line [85]. With kind permission of J.Wiley  & Sons, Inc.

application area [47]. 

A series of published articles considering blends of

PTT and PEI were agreed on inherent miscibility of

this system showing a single and composition-

dependent glass transition temperatures over the

entire composition range covered [81-87]. The addi-

tion of PEI was confirmed to conversely affect the

overall crystallization rate and spherulitic growth rate

of PTT, however, the mechanism of crystal growth

remained unaffected. It was reported that cold crystal-

lization of PTT was either retarded or fully inhibited

by the presence of PEI. In addition, melt viscosity of

PEI upon incorporation of PTT was realized to drop

making processing of PEI facile. The observed kinet-

ic retardation was assigned to a decrement in PTT

molecular mobility and the dilution of PTT concentra-

tion due to the addition of PEI having higher glass

transition temperature. Having assessed the modulus

of elasticity of this system, a synergistic behaviour

was reported and attributed to the decrease in specific

volume upon blending [85] (Figure 5). Indeed, the

additional absolute synergism in the yield stress of

PEI rich blends and their ductile nature offer a set of

properties making these new materials attractive in

some new applications. 

Blends of PTT with Thermoplastic Elastomers

(TPEs)

The purpose of blending of polyesters with thermo-

plastic elastomers is to provide fruitful impact modi-

fication and decreasing notch sensitivity to the stiff

polyesters. Impact-modified polyesters are mostly

glass fibre reinforced and find applications in injec-

tion moulded automotive and industrial components.

Besides, an improvement in notched impact strength,

the properties of polyesters expected to improve via

blending with TPEs include flexibility, ductility, sur-

face appearance, and processability.

Blends of PTT with EPDM
Ethylene propylene diene monomer (EPDM) is an

ethylene-based elastomer long been used in blending

with other ETPs to improve impact strength combin-

ing the excellent processing characteristics of the

thermoplastic materials at high temperature and a

wide range of physical properties of elastomers at

service temperature [47].
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Reports given on PTT/EPDM blends have con-

firmed total incompatibility of this system in which

on increasing the EPDM content, free volume

increased and crystallinity of PTT decreased [88-91].

An increase in free volume was observed by an

increase in EPDM content of the blend proving the

coalescence of free volumes of EPDM with PTT. The

EPDM phase was preferentially dispersed as domains

in the continuous matrix up to 30% of its concentra-

tion and a co-continuous morphology was observed

above 30 wt% of EPDM content followed by a phase

inversion above 60 wt% of EPDM [91]. Ethylene

propylene monomer grafted maleic anhydride (EPM-

g-MA) was extensively used to compatibilize PTT

and EPDM exerting appreciable positive modifying

effects on the interface [89-91]. 

Miscellaneous Blends of PTT

Several miscellaneous polyester-based blends yet

commercially unavailable but significant from scien-

tific and academic viewpoints were also studied

[92-98]. 

Polyester/polyarylates blends, which are commer-

cially desirable since new materials can be tailored

due to the likelihood of interchange reactions and

graft modifications at processing temperature having

properties such as, good processability, high HDT,

Figure 6. Impact strength of PTT/mPEO blends at low (�)

and high (�) shear rates against rubber content [93]. With

kind permission of Elsevier Ltd.

high impact strength, and good weather ability. In an

investigation [92], it was reported that PTT/PAr

blends showed partial miscibility comprising of a

crystalline PTT phase, an amorphous PTT phase, and

a PAr-rich phase containing 18% PTT. The authors

reported that the presence of PAr impaired the crystal-

lization rate of PTT phase, however increased its crys-

tallinity. These authors, elsewhere [93], prepared PTT

based blends toughened with a partially maleinized

poly(ethylene-octene) copolymer (mPEO) and

revealed that the blends are composed of two pure

amorphous phases and a partially crystalline PEO.

The incorporation of rubber phase was found to com-

patibilize the blends leading to a decrease in the dis-

persed phase size and a significant increase in impact

strength of the blends (Figure 6). 

The compatibilizing effects of a GMA-based

copolymer on immiscible blends of PTT/polystyrene

(PS) was explored and found that the epoxy function-

al groups in the SG copolymer may react with PTT

end groups to form in-situ graft copolymers during

melt compounding. The compatibilized PTT/PS

blends possessed smaller phase size, higher viscosity,

and better tensile properties than uncompatibilized

counterparts [94].

Blends of PTT and poly(ethylene-co-cyclohexane

1,4-dimethanol terephthalate) (PETG) was found mis-

cible at all compositions from single composition-

dependent glass transition temperature [95]. It was

realized that the dynamic and isothermal crystalliza-

tion abilities of PTT were hindered by incorporation

of PETG. In addition, a complex melting behaviour

was evident for the blends originated from reorganiza-

tion of the originally formed crystals during the heat-

ing cycle which its degree decreased as PETG content

increased in the blends. Elsewhere [96], the  blends of

PTT and poly(4-vinyl phenol) (PVPh) were also

found to be miscible showing a single transition tem-

perature and phase homogeneity associated with

hydrogen-bonding interactions between blend compo-

nents. It was also reported that addition of PVPh inter-

fered with crystallization of PTT leading to disruption

of PTT lamellae in an intimately interacted miscible

system. 

Ternary blend of PEN/PTT/PEI was found to be

homogeneous after thermal annealing [97]. The gen-

eration of PEN/PTT random copolymers through
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transesterification reactions could be identified which

promoted the miscibility of the system. The critical

block lengths for both PEN and PTT hindered the for-

mation of crystals in the ternary blends. Similarly,

quaternary blends composed of PET, PTT, PBT, and

PEI were found miscible as well [98], as evident from

a single and composition-dependent glass transition

temperature for each of all quaternary blends. In addi-

tion, various thermal transition characteristics, i.e.,

single and composition-dependent cold crystallization

temperature and cold crystallization enthalpy were

increasingly suppressed at higher PEI contents. 

IMPROVEMENT OF PTT PERFORMANCE

VIA NANOTECHNOLOGY

Polymer nanocomposites represent a radical alterna-

tive to the conventional polymer composites recently

found wide applications in aerospace, automotive

industry, electronics and biotechnology. They offer

the possibility of developing a new class of materials

with tailor-made structure-property relationship.

These materials are easily formed to near-final shape

being lighter than conventional composites.

Moreover, their outstanding combination of barrier

and mechanical properties may eliminate the need for

a multipolymer layer design in packaging materials,

allowing easier recycling of food and beverage pack-

aging [99-101]. 

Polymer/Clay Nanocomposites

Polymer/clay nanocomposites (PCNs) are a new class

of composites derived from nanoscale clay layers uni-

formly dispersed in the polymer matrix. Recently,

PCNs have drawn academic and industrial interest

since they attain significant improvement in thermal

and mechanical properties by adding a small amount

of clay compared to pure polymers. PCNs take advan-

tage of particular clays having a layered structure, as

fillers to improve the matrix performance. According

to the nature of the bonding between these atoms, the

layers reveal unique mechanical properties parallel to

the layer direction. Recent theoretical modeling on

PCNs has proved that Young's modulus in the layer

direction is roughly 50 to 400 times higher than that

of a typical polymer. The clay layers possess high

aspect ratios and each one is approximately 1 nm

thick, while the diameter may vary from 30 nm to sev-

eral microns or larger [102]. In brief, via tailoring the

clay structure in polymers on the nanometer scale,

novel material properties have been emerged

[102,103]. 

Recent Advances in Clay Nanocomposites Based

on PTT

Nanocomposite research on commercial aromatic

polyesters is still at early stages. Among them, with

regards to advantageous features, PTT manifests itself

as an interesting candidate to be examined as a poten-

tial nanocomposite with tailor-made performance.

Accordingly, some extensive research on this issue is

being performed [104-112]. This section spotlights

the recent accomplishments and trends in the field of

PTT nanocomposites.

Until now, almost the entire research dealing with

PTT nanocomposites has employed organoclay

nanoparticles as reinforcement [104-112]. In relation

to the influence of organoclay nanoparticles on the

crystallization and melting of PTT nanocomposites,

regardless of the type of organoclay used, the conclu-

sions of different research works are generally in

accordance with other. The introduction of nano-sized

clay layers was found to speed up the crystallization

rate of PTT through a heterogeneous mechanism with

the clay layers functioning as nucleating agents rais-

ing the PTT crystallinity. Regarding the impact of

organoclay on the mechanical properties, researchers

were in consensus that organoclay increased the glass

transition temperature and stiffness of the PTT matrix,

besides, the tensile and flexural strength of the PTT

nanocomposites were found superior to those of the

neat PTT. The enhanced storage modulus and glass

transition of PTT were respectively believed to be due

to an increase of crystallinity observed in nanocom-

posite and possible interactions between clay and

matrix polymer. It was revealed that the onset of

decomposition temperature of the PTT clay nanocom-

posites lagged because of the shielding effect of the

nano-sized layers of the organoclays implying that the

nanocomposites were more thermally stable com-

pared to neat PTT. The concentration at which the

organoclay delivered optimum efficiency was found

to be around 3 wt%, although it depended on the type
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of organoclay [104,105]. It was stated that as long as

the content of the organoclays was relatively low,

notched Izod impact strength remained basically

unchanged decreasing upon increasing the organoclay

content [105]. There should be an appropriate balance

between nanoparticles content and dispersion, the

lower the content; the better the dispersion would be

[110,111]. 

The influence of organoclay on the properties of

rubber-toughened PTT (RTPTT) is found that the clay

nanoparticles may induce a diminution effect on rub-

ber particle size within the PTT matrix, that is, the

presence of organoclay positively affect the level of

dispersion of the rubber particles in matrix. They also

reported that the clay nanoparticles enhanced the stiff-

ness of the RTPTT without impairing its toughness
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Sample Organoclay

content

(wt%)

Tensile

strength

(MPa)

Tensile

modulus

(GPa)

Flexural

modulus

(GPa)

Flexural

strength

(MPa)

Impact

strength

(J/m)

Initial weight-loss

onset temperature

(ºC)

Reference

PTT

PTT/

DK2-MMT

PTT/

DK2-MMT

PTT/

DK2-MMT

PTT/

DK2-MMT

PTT/

DK2-MMT

0.0

0.5

1.0

2.0

3.0

5.0

51.9

56.9

57.8

60.9

57.1

56.8

-

-

-

-

-

-

2.47

2.63

2.66

2.81

3.05

3.35

64.4

78.6

83.6

85.2

81.4

79.0

34

32.7

31

24

19

17.7

402.5

408.1

411.1

411.6

414.4

403.6

[102]

[102]

[102]

[102]

[102]

[102]

PTT

PTT/C12

PPh-MMT

PTT/C12

PPh-MMT

0.0

2.0

3.0

32

32

45

1.77

2.61

2.76

-

-

-

-

-

-

-

-

-

362

371

370

[107]

[107]

[107]

PTT

PTT/

Cloisite 30B

PTT/

Cloisite 30B

0.0

2.5

5.0

45

55

57.8

1.3

1.5

1.8

-

-

-

-

-

-

-

-

-

-

-

-

[109]

[109]

[109]

Storage

modulus*

(GPa)

Glass transition 

temperature (ºC)

Reference

PTT

PTT/25A01

PTT/25A03

PTT/25A05

PTT/25A07

0.0

5.0

5.0

5.0

5.0

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

0.46

0.95

1.07

0.90

1.16

44.0

96.3

99.1

99.7

99.3

[103]

[103]

[103]

[103]

[103]

Table 4. The influence of organoclay nanoparticles on the mechanical properties and thermal stability of PTT.

(*) Evaluated at temperatures higher than glass transition temperature of the sample. With kind permission of J.Wiley & Sons, Inc. and Elsevier Ltd.



[112].

To gain a better insight into the effect of organo-

clay nanoparticles on the nanocomposite perform-

ance, Table 4 presents a comparison of various prop-

erties between neat PTT with those of nano-rein-

forced PTT using different organoclays. 

In a different attempt [113], the effect of two inor-

ganic filler, nano-CaCO3 and ultra-fine talc on PTT

performance was investigated and found that both

nano-CaCO3 and ultra-fine talc exhibited heteroge-

neous nucleation effect on the crystallization process

of PTT. The incorporation of nano-CaCO3 and ultra-

fine talc appreciably improved tensile and flexural

performance of PTT. It was also observed that ultra-

fine talc showed a tendency to lower the impact prop-

erties of PTT, while nano-CaCO3 increased the

impact strength of the PTT matrix. 

FUTURE TRENDS AND CONCLUSIONS

PTT is a polymer of renewed interest on account of a

recent breakthrough in lower-cost monomer produc-

tion. It fits well in the family of aromatic polyesters

formerly populated by PET and PBT. PTT provides a

broad spectrum of performance characteristics being

a viable candidate for engineering thermoplastic

applications which offers strength, stiffness and high

heat deflection temperatures of PET plus wide pro-

cessing window of PBT actively opening up new

application areas for already versatile polyesters.

From the literature survey concerning recent

advances in the field of PTT blends; a trend toward

the development of such materials is evident. Indeed,

the performance characteristics besides the criterion

of recyclability push the future efforts in delivering

and commercializing new polyester blends, in partic-

ular, based on PTT. In the emerging trend, new PTT

blends are being developed to be amenable to fre-

quent recycling without sacrifice of critical proper-

ties. An in-depth survey of recent research and devel-

opments in the area of PTT nanocomposites gives an

evidence of the growing tendency toward manufac-

turing and commercialization of such novel materials.

Incorporation of a low level of layered clay into PTT

gives rise to a marked improvement in mechanical

performance, physical properties, and thermal stabil-

ity of polymer without making significant change in

density. 

NOMENCLATURE

EG Ethylene glycol

EPDM Ethylene propylene diene monomer

EPM Ethylene propylene monomer

ETP Engineering thermoplastic polymer

GF Glass fibre

GMA Glycidyl methacrylate

HDT Heat distortion temperature

LLDPE Linear low-density polyethylene

MA Maleic anhydride

MIPP Metallocene isotactic polypropylene

mPEO Maleinized poly(ethylene-octene) copolymer

PAr Polyarylate

PBT Poly(butylene terephthalate)

PC Polycarbonate

PCN Polymer clay nanocomposite

PDO 1,3-Propane diol

PEI Poly(etherimide) 

PEN Poly(ethylene naphthalate)

PET Poly(ethylene terephthalate)

PETG Poly(ethylene-co-cyclohexane 1,4- dimetha-

nol terephthalate )

POB p-Cetoxybenzoic acid

PP Polypropylene

PS Polystyrene

PTT Poly(trimethylene terephthalate)

PVPh Poly(4-vinyl phenol)

RTPTT Rubber-toughened PTT

TI Trimethylene isophthalate

TPA Terephthalic acid

TPE Thermoplastic elastomer
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