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The effect of organoclay loading and surface treatment
on the dimensional stability, structure–property rela-
tionships, and rheological behavior of nanocomposites
consisting of polycarbonate (PC), poly[butylene tere-
phyhalate] (PBT), and nano-clay was investigated at
various clay loadings and with various surface modi-
fiers for the nano-clay particles. It was found that by
using an organoclay formed with a polar amine com-
pound that contained two hydroxyl end groups as
opposed to nano-talc, the flexural strength and tensile
toughness of the nanocomposites increased by 12 and
27%, respectively, at a particle loading of 1 wt%, while
maintaining the flexural modulus of the nanofilled PC/
PBT blends. The flexural and tensile modulus of the
nanocomposites increased with an increase in particle
loading even though the viscosity was reduced due to
a loss of molecular weight of the PC/PBT and/or an
increase in the compability of the interface between
the PC and PBT phase, which varied with organoclay
structure. Possible loss of the molecular weight of
the PC/PBT matrix was supported by a significant
reduction in the storage modulus and complex viscos-
ity at high frequencies of the composites generated
with nano-clay relative to that of the unfilled ma-
trix. POLYM. COMPOS., 30:200–213, 2009. ª 2008 Society of
Plastics Engineers

INTRODUCTION

In a previous study [1], the effect of particle size

(nanoparticles versus micron-size particles) on the dimen-

sional stability and structure-property relationships of talc

reinforced polycarbonate/poly[butylene terephyhalate] PC/

PBT blends was evaluated. It was shown that by using

nano-talc as opposed to fine talc particles, the level of

talc reinforcement could be reduced from 6 to 1 wt%

without sacrificing the dimensional stability, i.e., coeffi-

cient of linear thermal expansion (CLTE) and shrinkage

of injection molded plaques, or flexural modulus of the

PC/PBT/talc composites at a PC to PBT blend ratio of

60/40 by weight or greater. Further benefits included a

14% increase in flexural strength, 50% increase in the ten-

sile toughness, and 3% reduction in the density of the PC/

PBT/talc composites. The improved stiffness was attrib-

uted to the higher aspect ratio of the nano-talc (20–25)

relative to that of the fine talc (5–10). An increase in the

flexural modulus of the PC/PBT/talc composites with an

increase in nano-talc loading was observed even though

there was evidence of significant degradation in molecular

weight of the PC/PBT matrix. Possible degradation in the

molecular weight of the PC/PBT matrix was supported by

a significant reduction in the storage modulus and com-

plex viscosity at high frequencies of the composites gen-

erated with the nano-talc relative to that of the unfilled

matrix. It was also interesting to note that the PC phase

controlled the dimensional stability of PC/PBT blends,

once the PC content was greater than 60 wt%. There was

no further reduction in CLTE or mold shrinkage with

addition of talc particles once the PC to PBT blend ratio

was 60/40 or greater.

Our intent in this study is to report results on further

improvement in the mechanical properties of the PC/PBT

blends by reinforcing the blends with nano-clay particles

as opposed to nano-talc particles. Some possible advan-

tages in replacing the nano-talc particles with nano-clay

particles include: (1) nano-clay particles have an average

aspect ratio (diameter/thickness of platelets) on the order

of 100–150 whereas the nano-talc particles only have an

average aspect ratio on the order of 20–25 and (2) the

density of the nano-clay particles is �2.0 g/cm3, while

the nano-talc particles have a density of 2.75 g/cm3. The

greater aspect ratio of the nano-clay particles can lead to

enhanced flexural and/or tensile modulus of the PC/PBT

blends relative to that of the nano-talc particles at an

equivalent level of reinforcement. Also, the lower density

of the nano-clay particles results in a reduction in the

overall weight of the particulate reinforced PC/PBT

blends at an equivalent level of reinforcement.
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However, large improvements in the mechanical prop-

erties for blends reinforced with nanoparticles are only,

typically, observed if the platelets are well dispersed and

exhibit an exfoliated morphology as opposed to an inter-

calated morphology within the polymer matrix. An inter-

calated structure results when the polymer penetrates into

the galleries of the layered structure resulting in a highly

ordered arrangement of alternating clay platelet and poly-

mer layers. An exfoliated structure is formed when the

layered silicates are delaminated. In this case, the individ-

ual silicate layers are completely dispersed in the continu-

ous polymer matrix [2, 3]. Therefore, an exfoliated struc-

ture results in enhanced mechanical properties relative to

an intercalated structure due to an increase in the aspect

ratio of the platelets. To achieve an exfoliated structure, it

is necessary to break up the strong particle–particle inter-

actions by enhancing the interactions between the poly-

mer and filler. This can be accomplished by using a cou-

pling agent or surface treating the platelets.

For the thermoplastics of interest in this study, PC and

PBT, only nanocomposites consisting of PC and nano-clay

particles has been investigated [4, 5]. In work done by Lee

and Han [4], the effect of surface treatment on the mechani-

cal properties of PC/clay nanocomposites was investigated.

The chemically modified clay consisted of a polar quater-

nary ammonium salt. The tensile modulus of the compo-

sites generated with the untreated clay platelets increased

by �16% relative to that of the unfilled PC matrix, while

the tensile strength remained the same at a clay loading of

4 wt%. However, the tensile modulus and tensile strength

both increased considerably (75 and 40%, respectively)

when the clay platelets were surface treated with the polar

quaternary ammonium salt at the same level of reinforce-

ment. The large increase in modulus and strength with the

surface treated platelets was attributed to fully exfoliated

platelets. Hydrogen bonding between the carbonyl groups

of the PC and the hydroxyl groups of the coupling agent

resulted in the increase of the tensile properties.

Yoon et al. [5] reported similar results for the tensile

properties of PC/clay nanocomposites as a function of clay

loading and molecular weight. The nano-clay particles were

chemically modified using various surface treatments. It was

shown that the tensile modulus of PC/clay nanocomposites

increased by 33% relative to that of the unfilled PC matrix

when a polar quaternary ammonium salt was used to surface

treat the clay particles, while the modulus of the PC/clay

nanocomposites only increased by �20% relative to that of

the PC matrix when nonpolar quaternary ammonium salts

were used to surface treat the clay particles. Nanocomposites

with clay particles possessing no surface treatment had a ten-

sile modulus that was only 10% greater than that of the

unfilled PC matrix. The large increase in modulus that was

observed for the nanocomposites, where the clay particles

were surface treated with a polar quaternary ammonium salt

was attributed to partially exfoliated clay platelets.

In particular, our goal in this study is to determine if

the use of nano-clay particles as opposed to nano-talc par-

ticles can increase the desired mechanical properties

(stiffness and tensile toughness) at an equivalent level of

reinforcement, while maintaining dimensional stability of

flat panels produced by means of injection molding. Fur-

thermore, we investigate whether the phase structure of

the PC/PBT blends is altered by the applied surface modi-

fication of the nano-clay. Throughout the study, we use

the properties of the PC/PBT/nano-talc composites gener-

ated in our previous study as a basis for comparison [1].

EXPERIMENTAL

Materials

The PC used in these experiments was Lexan 101,

which was provided by GE. It has a density of 1.20 g/cm3

at room temperature, melt flow rate of 0.7 g/min at

3008C, and a glass transition temperature of 1608C. The
PBT used was Celanex 1600A, which was provided by

Ticona. It has a density of 1.31 g/cm3 at room tempera-

ture and a glass transition temperature of 558C.
Four different types of chemically modified nano-clay

particles provided by Southern Clay Products under the

tradename Cloisite were used in this study and there

structures are illustrated in Fig. 1 [6]. The clay platelets

have an average aspect ratio on the order of 100–150,

where the aspect ratio is defined as the ratio of the length

to the thickness of the plate, an average length of 100–

150 nm, and an average plate thickness of one nanometer

[6]. For Cloisite 15A and Cloisite 20A, the natural so-

dium montmorillonite (Cloisite Naþ) was modified with

the same surfactant, (2MT2HT): dimethyl, dihydrogena-

tedtallow, quaternary ammonium chloride, with the chem-

ical structure shown in Fig. 1a. Nþ denotes the quaternary

ammonium chloride and HT denotes long alkyl chains

from hydrogenated tallow (�65% C18, 30% C16, and 5%

C14). The modifier concentration for Cloisite 15A and

FIG. 1. Molecular structure and nomenclature of organic amine salts

used to chemically modify the surface of the nano-clay platelets. The sub-

stituents on the nitrogen are designated as: M ¼ methyl, HT ¼ Hydrogen-

ated Tallow, L8 ¼ 2-ethylhexyl, and 2EtOT ¼ 2-hydroxy-ethyl [6].
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Cloisite 20A was 125 meq/100 g clay and 95 meq/100 g

clay, respectively. For Cloisite 25A (Fig. 1b), the natural

sodium montmorillonite was modified with the surfactant,

(2MHTL8): dimethyl, hydrogenatedtallow, 2-ethylhexyl,

quaternary ammonium methyl sulfate, at a modifier con-

centration of 95 meq/100 g clay. Finally, for Cloiste 30B

(Fig. 1c), the natural sodium montmorillonite was modi-

fied with the surfactant, (MT2EtOH): methyl, tallow, bis-

2-hydroxyethyl, quaternary ammonium chloride, at a

modifier concentration of 90 meq/100 g clay. T represents

long alkyl chains from natural tallow oil (�65% C18,

30% C16, and 5% C14). It is important to note that the

surface modifiers used to produce Cloisite 15A, 20A, and

25A are nonpolar quaternary ammonium salts that consist

of long alkyl chains, whereas the surface modifier used to

produce Cloisite 30B is a polar quaternary ammonium

salt consisting of hydroxyl groups. The hydroxyl groups

of the polar quaternary salt allow for hydrogen bonding

with the carbonyl group of the PC. Therefore, the surface

modification with the polar quaternary salt is expected to

improve the dispersion of the nano-clay platelets to a

greater extent than the clay platelets surface modified

with the nonpolar quaternary ammonium salts. For sim-

plicity, the surface modified nano-clay particles will be

refered to as ‘‘organoclays’’ and the different organoclay

structures will be identified by its tradename, i.e., Cloisite

15A, Cloisite 20A, Cloisite 25A, and Cloisite 30B.

No additives were used in the melt processing steps,

such as an inhibitor for the interchange reactions that might

occur with PC and PBT under some conditions. It is well

known that transesterification can occur during melt blend-

ing of PC and PBT [7–11]. Progressive transesterification

results in the formation of block copolymers and finally

into random copolymers. However, based on previous stud-

ies, uncatalyzed blends of PC and PBT were found to have

negligible amounts of transesterification products at the

processing conditions employed for this study [12–14].

The overall residence time of the melt blends in the com-

pounding and injection molding steps combined was less

than 5 min for this study. It was shown by Sanchez et al.

[13] that a negligible amount of interchange reactions

occurred for blends of PC and PBT when mixed in a batch

reactor at a residence time of 8 min or less. It should be

noted that residual catalyst that is used to promote the con-

densation reactions required to polymerize PBT also cata-

lyzes the interchange reactions that are involved at the

interface of the PC and PBT phase during melt blending.

Furthermore, the extent of copolymer formation due to the

interchange reactions can have a significant influence on

miscibility, morphology and mechanical properties of PC/

PBT blends [8–11, 13–15].

Compounding and Injection Molding of
PC/PBT/Nano-Clay Composites

Prior to melt processing, the PC, PBT, and organoclays

were all dried in a vacuum oven for at least 14 h at a tem-

perature of 1208C. For the nano-clay loading study, dried

pellets of PC and PBT at a blend ratio of 60/40 (PC/PBT

by weight) were dry-blended with Cloisite 30B at nano-

clay concentrations of 1, 2, 3, and 6 wt%. Cloisite 30B was

chosen because Lee and Han [4] and Yoon et al.[5] showed

that the greatest enhancement in the modulus of PC nano-

composites was greatest when hydroxyl groups were pres-

ent on the surface modifier. To investigate the effects of

organoclay structure on the properties of the nano-clay re-

inforced PC/PBT composites, dried pellets of PC and PBT

at the same blend ratio were mechanically mixed with

Cloisite 15A, 20A, 25A, and 30B at a clay loading of 2

wt%. Once dry blending was complete, the nanocomposites

were melt blended by using a single-screw Killion extruder

that had a 25-mm diameter barrel and a L/D of 30. The die

was cylindrical with L/D of 2.5 and diameter of 3 mm. The

screw speed was maintained at 20 rpm and the melt tem-

perature was 2608C with a temperature profile of 220/240/

260/2608C from hopper to the exit of the die. Upon exiting

the die, the composite strands were quenched in a water

bath and then chopped into 6-mm long pellets.

After compounding, the pellets were dried in the vac-

uum oven for at least another 14 h at 1208C prior to

injection molding. After drying, the nanocomposites were

injection molded using an Arburg Allrounder Model 221-

55-250 injection-molding machine. The Arburg Allrounder

had a 22 mm diameter screw, a check ring nonreturn

valve, and an insulated nozzle that was 2 mm in diameter

[16]. The composites were injection molded at a melt

temperature of 2608C, a mold temperature of 1008C, a

holding pressure of 100 bars, and a screw speed of 200

RPMs, into a rectangular end-gated mold with dimensions

of 80 mm by 76 mm by 1.6 mm.

Dynamic Mechanical Thermal Analysis of
Molded Plaques

Dynamic mechanical thermal analysis (DMTA) of the

nanocomposites was performed using a Rheometrics

RMS-800 rheometer. Along with measurements of the

storage (G0) and loss (G00) moduli, the thermal expansion

of the nanocomposites was also measured. When using a

torsional rectangular geometry, the Rheometrics RMS-800

contains a function called auto-tension, which maintains a

small tension on the samples as it expands during heating.

When auto-tension is enabled, the displacement of a sam-

ple can be measured as the material is heated from an ini-

tial testing temperature. Therefore, the thermal expansion

of a sample can be measured within the range of tempera-

tures tested. To perform the tests, rectangular strips �75-

mm long by 8-mm wide were cut near the center of the

plaques. Once the strips were mounted in the rheometer,

G0, G00, and the change in length as a function of tempera-

ture were measured. The temperature range of 30–1608C
was investigated at a temperature ramp rate of 58C/min

under a continuous nitrogen atmosphere. For each com-

posite generated, three samples were tested to check for

reproducibility.
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Mechanical Properties

Flexural and tensile properties of the nanocomposites

and the PC/PBT matrix were tested by using an Instron me-

chanical tester, model 4204. Test specimens were prepared

by cutting rectangular strips �75-mm long by 8-mm wide

near the center of the molded plaques. Flexural specimens

were tested in accordance with ASTM standard D790,

while the tensile specimens were tested at a crosshead

speed of 1.27 mm/min in accordance with ASTM standard

D2256. An extensiometer, Instron model 2630-25, was also

used for all tensile tests to provide an accurate measure of

the tensile modulus. A minimum of five samples was tested

in the flow direction, and an average value and standard

deviation were calculated from the data.

Transmission Electron Microscopy

The morphology of the nanocomposites was character-

ized by means of transmission electron microscopy

(TEM) using a Philips EM420T. The acceleration voltage

used was 100 kV. Ultra-thin sections of the injection-

molded plaques were cut at room temperature using a

Reichert-Jung Ultracut E Microtome fitted with a 358 dia-
mond knife. The ultra-thin sections were recovered on

300-mesh Cu grid. Delimoy et al. [14] reported that the

natural phase contrast between the PC and PBT phases is

weak. Therefore, to improve the phase contrast, samples

were stained by exposing them to RuO4 vapors for �15

min following the procedure described by Delimoy et al.

[14]. In this study, the specimen blocks were cut near the

center of the molded plaques and microtomed sections

were cut perpendicular to the flow direction.

Rheological Measurements of the Composite Melts

Dynamic oscillatory shear flow measurements of the

nanocomposites and the PC/PBT matrix in the melt state

were obtained using a parallel-disk rheometer (Rheomet-

rics RMS-800) with 25-mm diameter plates. The complex

viscosity, |g*|, and storage modulus, G0, were investigated

in a frequency range of 0.1–100 rad/s at a melt tempera-

ture of 2608C under a continuous nitrogen atmosphere. A

strain of 5% was maintained to ensure that the measure-

ments were taken within the linear viscoelastic region.

Test specimens that were 1.0-mm thick were prepared by

compression molding the generated pellets into 25-mm

diameter disks at 2608C. A minimum of three samples

was tested to check for reproducibility.

RESULTS AND DISCUSSION

Effect of Organoclay Structure on the Miscibility
of PC/PBT/Nano-Clay Composites

The effect of organoclay structure on the miscibility of

the PC/PBT/nano-clay composites was investigated at a

nano-clay loading of 2 wt%. In Fig. 2, tan d, which is

defined as the ratio of the loss modulus to that of the stor-

age modulus (G00/G0), of the nanocomposites, the PC/PBT

matrix, and PC is illustrated as a function of organoclay

structure in the temperature range of 30–1808C. A peak

in tan d is indicative of the glass transition temperature,

Tg, of a material. When blending two polymers, the

resulting blend may have one Tg, which is indicative of a

miscible system, or two Tgs, which is indicative of an im-

miscible or partially miscible system. A partially miscible

system exhibits two Tgs that are slightly shifted from that

of the neat components. An immiscible system also

exhibits two Tgs, but in this case, the two Tgs are exactly

that of the neat components. By using DMTA, it is diffi-

cult to ascertain the Tg of the PBT rich phase, but the Tg
of the PC rich phase is clearly visible. The Tg of the pure

PBT (not shown) is 558C, while the Tg of the pure PC is

1608C. The Tg of the PC rich phase is shifted downward

by 288C to a value of 1328C when the PC and PBT are

melt blended at a blend ratio of 60/40 (PC/PBT) by

weight, which is indicative of a partially miscible system.

Partial miscibility when PC and PBT are melt blended

has also been reported by many other research groups,

but to varying degrees of partial miscibility [11, 13–15].

The disagreements observed in the literature are attributed

to the interchange reactions that occur during the melt

blending of PC/PBT blends. However, Hobbs et al. [15]

showed that partial miscibility of PC/PBT blends is still

observed when a stabilizer, such as an inhibitor for the

interchange reactions, is introduced. It was shown that

even though inhibitors were used to prevent transesterifi-

cation reactions from occurring, they were not completely

suppressed, and thus, the observance of partial miscibility

due to interchange reactions was still possible. As men-

tioned in the experimental section, an inhibitor was not

used to suppress the interchange reactions at the interface

between the PC and PBT phase and, therefore, the ob-

servance of a partially miscible system is most likely due

to the interchange reactions.

The organoclay structure also has a strong influence on

the miscibility of the PC/PBT blends (see Fig. 2). With

the addition of the organoclays, the Tg of the PC rich

phase is shifted downward relative to that of the unfilled

PC/PBT matrix, but the extent of the shift is dependent

on the organoclay structure. The Tg of the PC rich phase

for the nanocomposites, PC/PBT matrix, and PC is sum-

marized in Table 1. The largest shift downward in Tg of

the PC rich phase is observed when the PC/PBT matrix is

melt blended with Cloisite 20A. In this case, the Tg of the
PC rich phase is reduced by 308C relative to that of the

unfilled PC/PBT matrix to a value of 1028C. The smallest

shift downward in Tg of the PC rich phase (by 68C) is

observed when the PC/PBT matrix is melt blended with

Cloisite 25A. The composites generated with the other

two organoclays fall within these limits. These results

suggest that the organoclays (Cloisite 15A and Cloisite

20A) with two long alkyl groups from hydrogenated tal-
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low improve the compatibility of the PC and PBT phase

to a much greater extent than that of the other two orga-

noclays. The organoclays Cloisite 30B and Cloisite 25A

improve the compatibility of the PC and PBT phase to a

similar extent, but the compatibility of the two phases is

slightly better when Cloisite 30B is used. The enhanced

compatiblility of the PC and PBT phase by using Cloisite

30B as opposed to Cloisite 25A is most likely do to the

polar organoclay structure of the Cloisite 30B since the

alkyl chain length of the two organoclays are similar. It is

also possible that the enhanced compatibility of the PC

and PBT phase with the addition of organoclays may be

due to an increase in the formation of block copolymers,

which are generated by the interchange reactions, at the

interface between the PC and PBT phase. It should be

noted that in our previous work [1], the Tg of the PC rich

phase was unaffected with the addition of nano-talc par-

ticles and, therefore, the surface modification of the nano-

talc particles had no influence on the miscibility of the

PC and PBT phase.

On the basis of above results, the varying degrees of

miscibility of the PC/PBT blends reinforced with the vari-

ous organoclays can have a significant affect on the

dimensional stability, i.e., thermal expansion, of the nano-

composites in the temperature range of interest (30–

1008C). Therefore, the effect of organoclay structure on

the dimensional stability of the PC/PBT/nano-clay compo-

sites will be investigated in the following section.

Effect of Organoclay Structure on the Dimensional
Stability of PC/PBT/Nano-Clay Composites

The effect of organoclay structure on the dimensional

stability, i.e., thermal expansion, of the PC/PBT/nano-clay

composites was investigated at a nano-clay loading of 2

wt%. In Fig. 3, the thermal expansion of the nanocompo-

sites is illustrated as a function of organoclay structure

over the temperature of 30–1008C. The thermal expansion

of the PC/PBT matrix at a blend ratio of 60/40 (PC/PBT)

by weight is also shown for comparative purposes. Typi-

cally, the addition of particulate fillers results in a reduc-

tion in the thermal expansion. However, it was shown in

our previous work [1] that at a PC/PBT blend ratio of 60/

40 by weight or greater the addition of talc particles had

no influence on the dimensional stability of talc reinforced

PC/PBT blends. This was attributed to the high Tg of the

PC rich phase, which was �1328C, as well as the phase

inversion that occurs once the blend ratio of PC/PBT is

equal to or greater than 60/40 by weight. Once phase

inversion occurs, the PBT phase is dispersed within the

continuous PC phase. In this case, the thermal expansion

of the nanocomposites increases with the addition of orga-

noclay and the extent of the increase is significantly

affected by the organoclay structure. In fact, the increase

in the thermal expansion with organoclay structure is in

good agreement with the reduction in the Tg of the PC

rich phase as observed in the previous section. For exam-

TABLE 1. Glass transition temperatures determined by dynamic

mechanical thermal analysis for PC, PC/PBT matrix, and PC/PBT/

organoclay composites.

Material Tan d peaks (8C)

PC 160

PC/PBT 132

Cloisite 15A 107

Cloisite 20A 102

Cloisite 25A 126

Cloisite 30B 120

FIG. 3. Thermal strain (mm/mm) of PC/PBT/nano-clay composites for

different organoclay structures. The PC/PBT blend ratio is 60/40 by

weight and the concentration of the organoclays is 2 wt%. A temperature

ramp of 58C/min was applied. [Color figure can be viewed in the online

issue, which is available at www.interscience.wiley.com.]

FIG. 2. Tan d for different organoclay structures for PC/PBT/nano-clay

composites. The tan d of PC and the unfilled PC/PBT matrix are

included for comparitive purposes. The PC/PBT blend ratio is 60/40 by

weight and the concentration of the organoclays is 2 wt%. A temperature

ramp of 58C/min was applied. [Color figure can be viewed in the online

issue, which is available at www.interscience.wiley.com.]
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ple, the overall dimensional change at 1008C is greatest

for the nanocomposites generated with Cloisite 20A

(�60% greater than that of the unfilled matrix), while it

is lowest and similar to that of the unfilled PC/PBT ma-

trix (<3%) for the nanocomposites generated with Cloi-

site 25A. The significant increase in the thermal expan-

sion of the nanocomposites generated with Cloisite 20A is

due to the 308C reduction in the Tg of the PC rich phase

relative to that of the unfilled PC/PBT matrix. Further-

more, the Tg of the PC rich phase for the nanocomposites

generated with Cloisite 25A is only reduced by 68C rela-

tive to that of the unfilled matrix and has a value of

1268C. These results suggest that the dimensional stability

of PC/PBT/nano-clay composites is dominated by the Tg
of the PC rich phase, and, therefore the degree of misci-

bility between the PC and PBT phase.

Effect of Organoclay Concentration on the Mechanical
Properties of PC/PBT/Cloisite 30B Composites

The effect of organoclay concentration on the flexural

(see Fig. 4a) and tensile modulus (see Fig. 4b) of PC/PBT/

nano-clay composites is investigated by varying the load-

ing level of Cloisite 30B (1, 2, 3, and 6 wt%). In Fig. 4a,

the effect of nano-talc loading on the flexural modulus of

PC/PBT/nano-talc composites, obtained from our previous

study [1], is also added for comparative purposes. The PC/

PBT matrix has a flexural modulus of 2.1 GPa. With the

addition of organoclay or nano-talc, the flexural modulus

increases with an increase in particle loading, but the

increase in modulus with particle loading is more pro-

nounced when the organoclay is used. In both cases, there

is initially a significant increase in the flexural modulus rel-

ative to that of the unfilled PC/PBT matrix at a nanopar-

ticle loading of 1 wt%. However, with further addition of

nano-talc, the flexural modulus of the nanocomposites only

increases slightly. On the other hand, the flexural modulus

of the nanocomposites generated with organoclay contin-

ues to significantly increase with an increase in organocaly

loading. For example, the flexural modulus at a nanopar-

ticle loading of 1 wt% is 2.45 and 2.5 GPa for the nano-

composites generated with nano-talc and organoclay,

respectively, which corresponds to a 17 and 20% increase

in modulus relative to that of the PC/PBT matrix. At a

nano-talc loading of 6 wt%, the flexural modulus of the

nanocomposites is only 2.53 GPa (20% increase in modu-

lus relative to that of the PC/PBT matrix), which corre-

sponds to a 3% increase in modulus relative to that of the

nanocomposite at a nano-talc loading of 1 wt%. However,

at an organoclay loading of 6 wt%, the flexural modulus is

2.8 GPa (34% increase in modulus relative to that of the

PC/PBT matrix), which corresponds to a 14% increase in

modulus relative to that of the nanocomposite generated at

1 wt%. The flexural modulus of the nanocomposites gener-

ated with the organoclay is always greater than that of the

nanocomposites generated with the nano-talc at an equiva-

lent level of reinforcement. The greater flexural modulus

for the nanocomposites generated with the organoclay as

opposed to the nano-talc is attributed to the higher aspect

ratio of the organoclays (100–150) relative to that of the

nano-talc (20–25). These results are in qualitative agree-

ment with the Halpin-Tsai equations [17–19], which pre-

dict an increase in modulus with an increase in aspect ratio

up to an aspect ratio on the order of 100.

The tensile modulus of the nanocomposites increases

with an in increase in organoclay loading, see Fig. 4b.

There is a linear increase in the tensile modulus with an

increase in particle loading. At an organoclay loading of

6 wt%, the tensile modulus of the nanocomposite is

increased by 60% relative to that of the unfilled PC/PBT

FIG. 4. Comparison of (a) flexural modulus and (b) tensile modulus for

different particle loadings of PC/PBT/Cloisite 30B nanocomposites. The

PC/PBT blend ratio is 60/40 by weight. A nano-clay loading of 0 wt%

refers to the PC/PBT matrix. The effect of nano-talc loading on the flex-

ural modulus of PC/PBT/nano-talc composites is also included for com-

parative purposes.
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matrix. Similar results have been reported by Yoon et al.

[5] and Han et al. for PC nanocomposites, where the PC

was reinforced with Cloisite 30B. Yoon et al. observed a

linear increase in the tensile modulus with organoclay

loading up to an organoclay loading of 4.5 wt%. Also, at

an organoclay loading of 3 wt%, the tensile modulus of

the PC nanocomposite was 2.98 GPa, which correlated to

a 28% increase in the modulus relative to that of the PC

matrix. In our case the tensile modulus of the PC/PBT/

Closite 30B nanocomposite at an equivalent level of rein-

forcement is 2.1 GPa, which corresponds to a 40%

increase in the tensile modulus of the nanocomposite rela-

tive to that of the nanoclay. Lee and Han [4] reported a

75% increase in the tensile modulus at an organoclay

loading of 4.5 wt%. The increase in tensile modulus with

an increase in organoclay loading was attributed to partial

exfoliation of the clay platelets, which was enhanced by

the presence of hydrogen bonding between the carbonyl

groups in PC with the hydroxyl groups residing at the sur-

face of the oraganoclay (Cloisite 30B). These results sug-

gest that the increase in tensile modulus with the addition

of Cloisite 30B for the PC/PBT/nano-clay can be attrib-

uted to improved dispersion of the clay platelets promoted

by hydrogen bonding between the PC phase and the orga-

noclay. The morphology of the nanocomposites will be

discussed in more detail in a later section.

Organoclay concentration has little influence (<2%) on

the flexural or tensile strength of the nanocomposites. The

flexural and tensile strength of the PC/PBT matrix are 65

and 40 MPa, respectively. With the addition of organoclay,

the flexural and tensile strength of the nanocomposites are

�85 and 50 MPa, respectively, which corresponds to a 30

and 25% increase in flexural and tensile strength relative to

that of the unfilled matrix. Similar results on the effect of

nano-talc concentration on the flexural strength of PC/

PBT/nano-talc composites were recently reported by the

authors [1]. In this case, the flexural strength of the nano-

talc reinforced PC/PBT blends were 80 MPa, which corre-

sponded to a 23% increase in flexural strength relative to

that of the unfilled PC/PBT matrix.

Finally, the tensile toughness as measured by the area

under the stress-strain curve of the PC/PBT matrix and

the nanocomposites as a function of organoclay or nano-

talc loading is illustrated in Fig. 5. As expected, the ten-

sile toughness of the nanocomposites is reduced with an

increase in particle loading. However, the nanocomposites

generated with the organoclay retain the initial tensile

toughness of the unfilled PC/PBT matrix to a much

greater extent than that of the nanocomposites generated

with the nano-talc. For instance, at an organoclay loading

of 1 wt%, the tensile toughness of the nanocomposite is

reduced by 50% relative to that of the PC/PBT matrix,

while the tensile toughness of the nano-talc reinforced

nanocomposite at the same level of reinforcement is

reduced by �78% relative to the observed tensile tough-

ness of the unfilled matrix. The greater tensile toughness

observed for the molded plaques generated with the orga-

noclay as opposed to that of the nano-talc can be attrib-

uted to improved compatibility that is observed between

the PC and PBT phase, as observed by the downward

shift in the Tg of the PC rich phase (see, Fig. 2), and

improved polymer/filler interactions due to hydrogen

bonding of the PC phase with the surface of the Cloisite

30B. Other factors such as particle placement, i.e., the

location of the particles within the PC/PBT matrix, and

morphological structure of the PC and PBT phase them-

selves could play a critical role on the tensile toughness

of the nanocomposites. Therefore, the morphology of the

nanocomposites will be discussed in a later section.

There are several advantages in using Closite 30B to

reinforce PC/PBT blends as opposed to the nano-talc. At

an organoclay loading of 1 wt%, the flexural modulus, flex-

ural strength and tensile toughness are increased by 1, 12,

and 27%, respectively, relative to that of the nanocompo-

sites generated with nano-talc at an equivalent level of

reinforcement. However, due to the improved compatibility

of the PC and PBT phase with the addition of the organo-

clay, the Tg of the PC rich phase is shifted downward from

130 to 1128C, which leads to an increase in the overall

dimensional change of the organoclay reinforced nanocom-

posites in the temperature range of 30–1008C. Because the

organoclay structure has been known to have a significant

influence on the properties and morphology of PC nano-

composites, the effect of organoclay structure on the prop-

erties and morphology of the nanocomposites will be dis-

cussed in the following sections [4, 5].

Effect of Organoclay Structure on the Mechanical
Properties of PC/PBT/Nano-Clay Composites

The effect of organoclay structure on the mechanical

properties of PC/PBT/nano-clay composites is investi-

FIG. 5. Comparison of tensile toughness of PC/PBT/Cloisite 30B nano-

composites for different particle loadings. The PC/PBT blend ratio is 60/

40 by weight. A nano-clay loading of 0 wt% refers to the PC/PBT ma-

trix. The effect of nano-talc loading on the flexural modulus of PC/PBT/

nano-talc composites is also included for comparative purposes.
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gated by varying the structure of the organic amine com-

pound used to form the organoclays (Cloisite 15A, 20A,

25A, and 30B) at an organoclay loading of 2 wt%. The

results are summarized in Table 2. The unfilled PC/PBT

matrix is also included for comparitive purposes. The

chain length of the alkyl groups and the concentration of

the modifier seem to have little influence (<3%) on the

flexural modulus or flexural strength of the nanocompo-

sites. However, the polarity of the organic amine com-

pound used to form the organoclay affects to some extent

both the flexural modulus and strength of the nanocompo-

sites. The flexural modulus and strength of the nonpolar

organoclays (Coisite 15A, 20A, and 25A) are �2.5 GPa

and 80 MPa, respectively, while the flexural modulus and

strength of the polar organoclay (Cloisite 30B) are 2.66

GPa and 85 MPa, which corresponds to a 5% increase

in modulus and strength relative to that of the nonpolar

oraganoclays.

The effect of organoclay structure on the tensile modu-

lus (see Fig. 6a) and tensile toughness (see Fig. 6b) of

PC/PBT/nano-clay composites is investigated. The PC/

PBT matrix is included for comparative purposes. The

tensile modulus of the PC/PBT matrix is �2.2 GPa. With

the addition of organoclay, there is an increase in the ten-

sile modulus relative to that of the unfilled PC/PBT ma-

trix, but the extent of the increase is strongly affected by

the organoclay structure. The largest increase in tensile

modulus is observed when the clay platelets are surface

modified with an organic amine compound that contains

two hyroxyl end groups (Cloisite 30B). In this case, the

tensile modulus of the nanocomposite increases by �30%

relative to that of the unfilled PC/PBT matrix with just an

addition of 2 wt% of the organoclay. Furthermore, the

chain length of the alkyl groups also has an influence on

the tensile modulus of the nanocomposites. For instance,

the organic amine group that has two long alkyl groups

from hydrogenated tallow (Cloisite 20A) has a tensile

modulus of 2.42 GPa, which corresponds to a 10%

increase in the modulus relative to that of the unfilled ma-

trix. On the other hand, the tensile modulus of the nano-

composites generated with the organoclay (Cloisite 25A)

that contains only one long alkyl group from hydrogen-

ated tallow and a smaller hydrocarbon chain is only 2.32

GPa, which corresponds to just a 5% increase in the mod-

ulus of the nanocomposite relative to that of the unfilled

PC/PBT matrix. These results suggest that the nanopar-

ticles are exfoliated to a greater extent when the organo-

clay Cloisite 30B is used relative to that of the other

organoclays.

The tensile toughness of the nanocomposites is also

significantly influenced by the structure of the organoclay,

(see Fig. 6b). With the addition of organoclay, the tensile

TABLE 2. Mechanical properties of the PC/PBT matrix and PC/PBT/organoclay composites as a function of organoclay structure at a concentration

of 2 wt%.

Material Flexural modulus (GPa) Flexural strength (MPa) Tensile modulus (GPa) Tensile strength (MPa) Tensile toughness (MPa)

PC/PBT 2.1 (60.02) 65 (61.0) 2.2 (60.02) 40 (61.0) 107 (63.0)

15A 2.48 (60.01) 79 (62.0) 2.3 (60.04) 51 (61.0) 35 (62.5)

20A 2.54 (60.01) 79 (61.3) 2.4 (60.06) 55 (61.1) 91 (62.6)

25A 2.56 (60.02) 81 (60.7) 2.3 (60.08) 48 (61.4) 41 (62.4)

30B 2.65 (60.02) 86 (61.0) 2.8 (60.05) 51 (61.3) 32 (61.8)

FIG. 6. Comparison of (a) tensile modulus and (b) tensile toughness of

PC/PBT/nano-clay composites for different organoclay structures. The

PC/PBT blend ratio is 60/40 by weight and the nano-clay concentration

is 2 wt%.
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toughness of the nanocomposites is reduced relative to

that of the unfilled matrix. However, the nanocomposites

generated with Cloisite 20A, which has the two long alkyl

groups from the hydrogenated tallow, retain the initial

tensile toughness of the unfilled PC/PBT matrix to a

much greater extent than that of the composites generated

with the other organoclays. For example, the tensile

toughness of the nanocomposites retains �86% of the ini-

tial tensile toughness that is observed for the unfilled PC/

PBT matrix when Cloisite 20A is used as the reinforcing

agent, while the tensile toughness is reduced on the order

of 60–70% relative to that of the unfilled PC/PBT matrix

when the other organoclays are used as the reinforcing

agent. It is also interesting to note that the tensile tough-

ness of the nanocomposites generated with Cloisite 30B is

the lowest even though it has the greatest tensile modulus.

There are a few possible reasons for the lack of signifi-

cant reduction in tensile toughness observed for the nano-

composites that are generated with Cloisite 20A. First of

all, the organic amine compound used to form Cloisite

20A improved the compatibility between the PC and PBT

phase to the greatest extent relative to that of the other

organoclays, as indicated by the greatest downward shift

in Tg of the PC rich phase (see Fig. 2 and Table 1). Sec-

ondly, the clay platelets may have been dispersed within

the PC/PBT matrix to a greater degree when the nano-

composites are generated with Cloisite 20A as opposed to

the other organoclays. However, this possibility contra-

dicts the findings that the greatest improvement in the ten-

sile modulus was observed for the nanocomposites gener-

ated with Cloisite 30B. To clear up this issue, the effect

of organoclay structure on the phase morphology of the

PC/PBT blends and the dispersion of the organoclays

within the PC/PBT matrix will be discussed next.

Effect of Organoclay Structure on the Morphology
of PC/PBT/Nano-Clay Composites

On the basis of above findings, the organoclay structure

is expected to have some effect on the phase structure of

the PC and PBT phase as well as the dispersion of the

organclays within the PC/PBT matrix. In Figs. 7 and 8,

images of the injection molded samples obtained by means

of TEM for the nanocomposites are shown as a function of

organoclay structure at an organoclay concentration of

2 wt%. In these micrographs, the organoclays are black.

The PC phase is a dark gray due to staining with the RuO4

vapors, while the PBT phase is white or a light shade of

gray. With the exception of the nanocomposites generated

with Cloiste 20A, a fibrillar phase morphology is observed,

where the PBT droplets deformed into fibrils within the

continuous PC phase. The domain size, i.e., the thickness

of the PBT fibrils, is significantly affected by the organo-

clay structure. The average thickness of the PBT fibrils are

on the order of 90–100 nm, 75–80 nm, and 40–50 nm

when the PC/PBT blends are reinforced with Closite 25A,

30B, and 15A, respectively. The reduction in the size scale

of the PBT fibrils with organoclay structure is directly

related to the observed increase in compatibility as indi-

cated by the downward shift in the Tg of the PC rich phase.

For instance, the average thickness of the PBT fibrils is

reduced from 90–100 nm to 40–50 nm, while the reduction

in the Tg of the PC rich phase is increased by 208C when

the nanocomposites are generated with Cloisite 15A as

opposed to 25A. In the case of the nanocomposites gener-

ated with Cloisite 20A, only a single-phase mixture is

observed, which is indicative of a miscible blend. Similar

results have been reported by Tattum et al. [9] for unfilled

PC/PBT blends that were catalyzed by using a titanium cat-

alyst. They found that uncatalyzed blends exhibited a

cocontinuous structure where the PC and PBT phases

exhibited a fibrillar morphology. As the level of catalyst

was increased, the cocontinuous structure was maintained

but at a reduced size scale. This is expected since the inter-

change reactions act as a compatibilizer for PC/PBT

blends. However, once enough catalyst was added (200

ppm), the PC/PBT became completely miscible and so the

cocontinuous structure that was typically observed was

reduced to a single phase. These results suggest that the

structure of the organic amine compound that is used to

form the organoclays in some way promotes transesterifica-

tion at the interface between the PC and PBT phase. If this

is true, then the extent of reaction is also influenced by the

chemical structure of the organoclays.

Besides the morphological structure of the PC and PBT

phase, the organoclay structure also has an influence on the

dispersion of the organoclays and the location of the rein-

forcing filler. The nanocomposites prepared with Cloisite

20A have the highest observed tensile toughness at a value

of 92 MPa, while the nanocomposites generated with the

other organoclays have a similar tensile toughness that

ranges between 30 and 40 MPa. If a fibrillar phase mor-

phology is observed (Cloisite 15A, 25A, and 30B), there is

a mixture between partially exfoliated clay platelets, fully

exfoliated clay platelets and agglomerates with diameters

and length scales on the order of 2–3 lms can be observed.

However, if a single-phase mixture is observed (Cloisite

20A), only partially exfoliated and fully exfoliated clay

platelets are observed. There are no large agglomerates

observed and, therefore, the enhanced dispersion of the

clay platelets, when Cloisite 20A is used as the reinforcing

filler, is indicative of the higher tensile toughness that is

observed relative to that of the nanocomposites generated

with the other organoclays. It is interesting to note that the

tensile modulus of the nanocomposites generated with

Cloiste 20A is �15% lower than that of the nanocompo-

sites prepared with Cloisite 30B even though there is a

higher degree of exfoliated clay platelets as observed in the

TEM images. These results suggest that hydrogen bonding

may play a larger role on the enhancement of the modulus

for nanocomposites than previously thought.

The location of the clay platelets is also affected by

the structure of the organic amine compound that is used

to form the organoclay (see Fig. 8). When the clay
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platelets are surface modified with a polar amine com-

pound (Cloisite 30B), the organoclay has an affinity for

the PBT phase (see Fig. 8d), while the organoclay has an

affinity for the PC phase (see Fig. 8c) when the clay pla-

telets are surface modified with a nonpolar amine com-

pound (Cloisite 20A). However, the clay platelets do not

have an affinity for either the PC or PBT phase when the

organoclay Cloisite 15A is used to reinforce the PC/PBT

blends (see Fig. 8a). These results support the hypothesis

that the organoclay structure in some way promotes trans-

esterification at the interface between the PC and PBT

phase, and that the extent of reaction is affected by the

chemical structure of the organoclay.

Effect of Organoclay Loading and Structure on the
Rheology of PC/PBT/Nano-Clay Composites

Although particulate fillers are added to polymer melts

to increase the stiffness or rigidity and/or reduce the cost of

the blend, they can also have a significant effect on the

FIG. 7. Transmission electron photomicrographs of PC/PBT/nano-clay composites for different organoclay structures: (a) Cloisite 15A, (b) Cloisite

20A, (c) Cloisite 25A, and (d) Cloisite 30B. The PC/PBT blend ratio is 60/40 by weight and the nano-clay concentration is 2 wt%. The dark gray phase

is PC, the white or light gray phase is PBT, and the black platelets are the talc particles.
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rheological properties and, hence, the ability to process the

composites. Rheological properties are also sensitive to

small changes in the morphological state and to the molec-

ular weight of the materials. Therefore, the effect of orga-

noclay loading and structure on the rheological properties

of the nanocomposites is investigated in this section.

To determine effects of organoclay loading on the visco-

elastic flow behavior of the nanocomposites, G0 and |g*| of
the nanocomposites prepared by using Cloisite 30B as well

as the PC/PBT matrix are illustrated in Figs. 9 and 10 at

2608C (i.e., the melt processing temperature of the materi-

als). G0 and |g*| of the nanocomposites generated with the

nano-talc are also shown for comparative purposes. The

magnitude of G0 in the low frequency region (long relaxa-

tion times) increases with an increase in nanoparticle load-

ing. However, the increase in the magnitude of G0 in the low
frequency region is more pronounced when the organoclay

is used to reinforce the PC/PBT blends as opposed to the

FIG. 8. Transmission electron photomicrographs of PC/PBT/nano-clay composites for different organoclay structures (at a higher magnification): (a)

Cloisite 15A, (b) Cloisite 20A, (c) Cloisite 25A, and (d) Cloisite 30B. The PC/PBT blend ratio is 60/40 by weight and the nano-clay concentration is 2

wt%. The dark gray phase is PC, the white or light gray phase is PBT, and the black platelets are the talc particles.
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nano-talc. For example, G0 at a frequency of 0.1 rad/s

increases by �90% when the organoclay loading of the

nanocomposites is increased from 3 to 6 wt%, while G0 is
only increased by 20% when the nano-talc loading of the

nanocomposites is increased from 3 to 6 wt% at the same

frequency. The rheological behavior of G0 at low frequen-

cies is in good agreement with the observed flexural modu-

lus of the composites. An increase in G0 at low frequencies

is indicative of an increase in the long relaxation times of

the material and, therefore, inhibits stress relaxation of the

polymer chains. This allows for a higher degree of orienta-

tion to be locked into an injection molded part, and hence,

higher modulus. For example, the flexural modulus of the

composites generated with the organoclay significantly

increases with an increase in particle loading, while G0 at
low frequencies also increases significantly with an increase

in clay loading. Furthermore, the flexural modulus of the

nanocomposites generated with nano-talc only slightly

increases with an increase in talc loading, which is in good

agreement with the small increase in G0 at low frequencies

that is observed when the talc loading is increased.

In the high frequency region, the magnitude of G0 at
high frequencies is below that of the unfilled PC/PBT ma-

trix, and it decreases with an increase in nanofiller con-

centration. This is an unusual behavior for particulate

filled systems. Typically, G0 in the high frequency region

for particulate filled systems converges to that of the ma-

trix. However, Yoon et al. [5] have observed similar

results for PC nanocomposites. They attributed the reduc-

tion in G0 at high frequencies to a reduction in the molec-

ular weight of the PC matrix. In our case, the reduction

in G0 at high frequencies with an increase in particle load-

ing is more pronounced when nano-talc is used to rein-

force the PC/PBT matrix as opposed to the organoclay.

The reduction in G0 at high frequencies is most likely due

to loss in molecular weight, but in the case of the organo-

clays, it is possible that the reduction in G0 at high fre-

quencies may be due to enhanced compatibility (better

adhesion) between the filler and the matrix or lowering of

the interfacial tension between the PC and PBT phase.

The complex viscosity of the nanocomposites de-

creases with an increase in filler concentration, but the

magnitude of the decrease is more pronounced when the

nano-talc particles are used relative to that of the organo-

clays. The viscosity at a frequency of 1 rad/s is reduced

by 50 and 76% at organocaly loadings of 3 and 6 wt%

relative to that of the PC/PBT matrix, while it is reduced

by 70 and 90% at nano-talc loadings of 3 and 6 wt% rela-

tive to that of the PC/PBT matrix. The reduction in the

viscosity that is observed when nanofillers are used is

most likely due to a decrease in molecular weight of the

matrix. Even though there is a significant reduction in vis-

cosity and most likely in molecular weight with an

increase in particle loading, the flexural, and tensile mod-

ulus of the filled nanocomposites, still there is an increase

with the increase in particle loading as shown earlier.

Besides particle loading, the organoclay structure is

also expected to have a significant effect on the rheologi-

cal properties of the nanocomposites. The effect of orga-

noclay structure on G0 and |g*| as a function of frequency

for the nanocomposites are illustrated in Figs. 11 and 12

at an organoclay loading of 2 wt%. The magnitude in G0

FIG. 9. Comparison of storage modulus, G0, of PC/PBT/nano-clay

composites at a temperature of 2608C and a strain of 5% under nitrogen

for different organoclay loadings. The PC/PBT blend ratio is 60/40 by

weight. The effect of nano-talc loading on the flexural modulus of PC/

PBT/nano-talc composites are also added for comparative purposes.

[Color figure can be viewed in the online issue, which is available at

www.interscience.wiley.com.]

FIG. 10. Comparison of complex viscosity, |g*|, of PC/PBT/nano-clay

composites at a temperature of 2608C and a strain of 5% under nitrogen

for different organoclay loadings. The PC/PBT blend ratio is 60/40 by

weight. The effect of nano-talc loading on the flexural modulus of PC/

PBT/nano-talc composites is also added for comparative purposes. [Color

figure can be viewed in the online issue, which is available at www.

interscience.wiley.com.]
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of the PC/PBT matrix is also shown for comparative pur-

poses. The magnitude of G0 at low frequencies increases

with the addition of organoclay, but the structure of the

organic amine group used to form the organoclay has lit-

tle influence on the magnitude of G0 in the low frequency

region. However, the organoclay structure does affect G0

in the high frequency region. In the high frequency

region, the magnitude in G0 is lower than that of the PC/

PBT matrix, regardless of the organoclay structure. The

reduction in G0 at high frequencies with organoclay struc-

ture correlates with the observed increase in compatability

(see Fig. 2 and Table 1). The largest reduction in

the magnitude of G0 at high frequencies is observed for

the nanocomposites prepared by using Cloisite 20A. The

addition of Coisite 20A to the PC/PBT matrix enhanced

the compatibility of the PC and PBT phase to a greater

degree than the other organoclays. The smallest reduction

in the magnitude of G0 at high frequencies is observed for

nanocomposites generated with Cloisite 25A, which had

the lowest compatibility with the PC and PBT phase rela-

tive to the other organoclays. The reduction in the magni-

tude of G0 with organoclay structure can be attributed to

enhanced compatibility (better adhesion) between the fil-

ler and the matrix or lowering of the interfacial tension

between the PC and PBT phase.

The complex viscosity, |g*|, of the nanocomposites

decreases with the addition of organoclay and the magni-

tude of the decrease is affected by the organoclay struc-

ture. With the exception of the nancomposites generated

with Cloisite 30B, the reduction in viscosity is enhanced

with an increase in the compatibility between the organo-

clay and the PC/PBT matrix. The greatest reduction in

viscosity (70% at a frequency of 1 rad/s) relative to that

of the matrix is observed for the nanocomposites prepared

by using Cloiste 30B, even though the best enhancement

in flexural and tensile properties are observed for these

nanocomposites. The significant reduction in the viscosity

for the nanocomposites generated with Cloisite 30B is

most likely due to a loss of molecular weight of the PC/

PBT matrix. At the elevated temperatures employed dur-

ing the compounding and molding steps, the hydroxyl

groups from the organic amine compound may have cata-

lyzed the degradation of the PC phase.

CONCLUSIONS

The effect of organoclay loading and structure on the

dimensional stability, structure–property relationships, and

rheological behavior of PC/PBT/nano-clay composites

was investigated. It was found that by using the organo-

clay (Cloisite 30B) as opposed to nano-talc, the flexural

strength, and tensile toughness of the nanocomposites

increased by 12 and 27%, respectively, at a particle load-

ing of 1 wt%, while maintaining a flexural modulus of

2.5 GPa. The flexural and tensile modulus of the nano-

composites increased with an increase in particle loading

even though the viscosity was significantly reduced due to

a loss of molecular weight of the PC/PBT matrix and/or

an increase in the compatibility of the interface between

the PC and PBT phase, which varied with organoclay

structure. The largest enhancement in flexural and tensile

modulus was observed for nanocomposites prepared by

using Cloisite 30B due to hydrogen bonding between the

carbonyl group of the PC phase with that of the hydroxyl

FIG. 11. Comparison of storage modulus, G0, of PC/PBT/nano-clay

composites at a temperature of 2608C and a strain of 5% under nitrogen

for different organoclay structures. The PC/PBT blend ratio is 60/40 by

weight and the organoclay concentration is 2 wt%. [Color figure can be

viewed in the online issue, which is available at www.interscience.

wiley.com.]

FIG. 12. Comparison of complex viscosity, |g*|, of PC/PBT/nano-clay

composites at a temperature of 2608C and a strain of 5% under nitrogen

for different organoclay structures. The PC/PBT blend ratio is 60/40 by

weight and the organoclay concentration is 2 wt%. [Color figure can be

viewed in the online issue, which is available at www.interscience.

wiley.com.]
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end groups located on the surface of the chemically modi-

fied clay platelets, while the highest tensile toughness was

observed for the nanocomposites generated with Cloisite

20A. The high tensile toughness for the nanocomposites

generated with Cloisite 20A was attributed to the forma-

tion of a single-phase mixture and the lack of agglomer-

ates on the size scale of 2–3 lm in diameter.
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