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This work investigates the fire retardancy, the thermal and thermomechanical proper-
ties of PP/PC blends using commercially available grafted polyolefins with functional
groups as compatibilizing agent. In the first part, the effect of compatibilizer on the
morphology has been correlated with the thermomechanical properties. The blends,
containing 75% of PP and 25% of PC or 22% PC plus 3% compatibilizer have been
prepared during the melt processing in a mixer. The compatibilizers were grafted
maleic anhydride polypropylene (PP-g-MA) and a terpolymer ethylene/acrylic
ester/maleic anhydride (EBuAMA). The thermal stability was improved up to 4008C
when using compatibilizer in comparison with PP/PC blend. The thermomechanical
properties were improved for PP/PC/PP-g-MA blend. It was found that the
addition of compatibilizer slightly decrease the particle size of the minor PC phase.
The crystallization temperature of PP in PP/PC/PP-g-MA increases which may
explained the improvement of the properties of the blend in comparison with PP/
PC/EBuAMA. In a second part, fire retardant formulation are developed. The fire
retardant properties of the blend are slowly affected by the presence of a compatibili-
zer.

Keywords polypropylene/polycarbonate blend, thermomechanical properties,
thermal stability, fire retardancy, intumescence

Introduction

To upgrade some properties of polyolefins, a well-known method consists in blending

polyolefins with engineering plastics such as polyamide or polycarbonate. However,

because of their non-polar structure, polyolefins are incompatible with polar polymers

which strongly limit their use in blends. In order to achieve suitable morphology and

to improve interfacial adhesion between the blend components, it is necessary to compa-
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tibilize them (1–7). The compatibilizers across the interface control the physical and

chemical interactions between the immiscible polymers of the blend reducing the inter-

facial tension and increasing phase adhesion.

Blends of polypropylene (PP) and polyamide 6 (PA 6) have been the subject of a large

number of studies (8–10). In these systems, polypropylene functionalized with maleic

anhydride (MA) is often used as a compatibilizing agent. The structural stability and mor-

phology of the PP/PA 6 blends are greatly improved by PP–PA6 grafted copolymers that

are formed by the in situ reaction of anhydride groups with the amino end groups of PA6.

More recently, PP and polycarbonate (PC) blends have been investigated (11–17).

Favis and co-workers have demonstrated that the size and shape of PC domains in the

blend are closely linked with the processing conditions, as well as on the contribution

of particular components. The use of PP grafted with glycidyl methacrylate (GMA)

as a compatibilizer during the melt processing has been investigated by Zhihui and

co-workers. It has been reported that using PP-g-GMA as a compatibilizer makes it

possible to significantly decrease the size of the PC domains and leads to a change in

the crystal form of PP (from a and b into unique a crystal form). Moreover, it has

been shown that PP-g-GMA acts as a nucleating agent in PP enhancing the crystallization

temperature of PP. Tang and co-workers have studied the use of functionalized polyolefin

elastomer (FPOE) as a compatibilizer in PP/PC blends. The authors show that with the

addition of FPOE, the size of the PC domains is reduced and interaction between

different phases are greatly improved.

It is generally accepted that olefins based co- and graft polymers with functional

groups may act as compatibilizers between polyolefins and high performance engineering

polymers. In particular, grafted maleic anhydride or grafted acrylic acid polyolefins are

widely used and commercially available.

On the other hand, the use of polymer blends to develop intumescent fire retardant

systems is particularly interesting. Previous work done in our laboratory (18–21) demon-

strates the effectiveness of the concept. Intumescent systems are based on the development

when heated with a charred layer acting as a physical barrier on the surface of the material,

which slows down heat and mass transfer between the gas and condensed phase (22). To

develop such systems, three ingredients are needed: a carbonization agent, an acid source,

and a blowing agent. Polyols are widely used as a carbonization agent, but present a

number of limitations (exudation, low thermal stability, . . .), that is a break to the devel-

opment of intumescent polymers. The use of a polymer as carbonization appear as an

interesting way to solve this problem. Polyamide (18) and polyurethanes (21) have pre-

viously demonstrated high efficiency in PP-based polymer, whereas polycarbonates

have not yet been investigated.

The aim of the present work is first to investigate the thermal and thermomechanical

properties of PP/PC blends compatibilized with commercially available grafted poly-

propylene and, second to develop intumescent fire retardant PP-based materials. The

blends, containing 75% of PP and 25% of PC or 22% PC plus 3% compatibilizer have

been prepared during the melt processing in a mixer. The compatibilizers were grafted

maleic anhydride polypropylene (PP-g-MA) and a terpolymer ethylene/acrylic ester/
maleic anhydride (EBuAMA). The thermal and thermomechanical properties are first

studied using thermogravimetric analyses (TGA) and dynamic mechanical analyses

(DMA), respectively. Then, the morphological properties are investigated using differen-

tial scanning calorimetry (DSC), scanning electron microscopy (SEM), and wide angle

X-ray diffraction analyses. In a second part, the fire retardant performance of intumescent

PP-based materials are investigated.

N. Renaut et al.978
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Experimental

Materials and Blends Preparation

The PP used was a commercial product (PPH7060–homopolymer) from Atofina with

MFI ¼ 12 g/10 min. The PC used was a commercial product (Lexan 151 R) from GEP.

Two compatibilizing agents have been used: a terpolymer ethylene/acrylic ester/maleic

anhydride EBuAMA (Lotader 3410) supplied by Atofina with MFI ¼ 5 g/10 min; a PP

functionalized with maleic anhydride PP-g-MA (Polybond 3150) supplied by Uniroyal

Chemical with MFI ¼ 50 g/10 min.

The blends of PP and PC were melt mixed at 2308C in a Brabender internal mixer with

a rotor speed of 50 rpm for 10 min. The compositions of the blends were PP/PC 75/25,

PP/PC/PP-g-MA 75/22/3, and PP/PC/EBuAMA 75/22/3.

Intumescent Fire Retardant PP-based Materials

The ammonium polyphosphate (APP) used in this study was a commercial product (Exolit

AP422) from Clariant presenting a crystalline form II and a soluble fraction in water ,1%.

The materials were melt mixed at 2308C in a Brabender internal mixer with a rotor

speed of 50 rpm for 10 min. The compositions of the materials were PP/APP 70/30,

PC/APP 70/30, PP/PC/APP 53/17/30, PP/PC/PP-g-MA/APP 53/15/2/30, and PP/
PC/EBuAMA/APP 53/15/2/30.

Thermogravimetric Analysis

Thermogravimetric analysis (TGA) were carried out in a Setaram thermobalance (Model

TGA 92) under a flow of synthetic air (Air Liquide grade) at a heating rate of 108C . min21.

Samples (about 10 mg) were positioned in open vitreous silica pans.

Diffrential Scanning Calorimetry

Differential scanning calorimetry (DSC) measurements were performed using a Setaram

DSC 92 under nitrogen atmosphere. The samples (about 10 mg) were heated from 30 to

2508C at a heating rate of 38C . min21. The temperature was calibrated using standards

(indium, bismuth, zinc, and lead) supplied by Setaram.

Dynamic Mechanical Analysis

The dynamic mechanical properties were studied on a compression-molded bar

(40 � 4 � 1 mm3) with a Metravib dynamic mechanical analyzer in the tensile mode.

The samples were tested from 240 to 1408C at a heating rate of 38C . min21 and a

frequency of 1 Hz.

Blend Morphology

The morphology was studied using a scanning electron microscope (Jeol JSM 5300

apparatus). Samples were fractured under liquid nitrogen and the fractured surfaces were

coated with gold to avoid charge by electron beam. The accelerating voltage was 20 kV.

Thermal Properties of PP/PC Blends 979
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Crystalline Structure

Structure investigation were carried out by means of wide-angle X-ray scattering (WAXS)

using CuKa radiation (l ¼ 15418 Å).

Fire Testing

Limiting Oxygen Index (LOI) was measured using a Stanton Redcroft instrument on

sheets (100 � 10 � 3 mm3) according to ASTM 2863 (23).

UL-94 tests were carried out on 127�12.7�3 mm3 sheets according to the UL-94 (24).

Heat Release Rates (HRR) are measured using oxygen consumption calorimetry.

Samples are exposed to a Stanton Redcroft Cone Calorimeter according to ASTM

1356-90 and ISO 5660 under a heat flux of 50 kW/m2, which corresponds to the heat

evolved during a fire (25). Conventional data (Heat Release Rate (HRR), Total Heat

Release (THR), CO and CO2 production, Total Smoke Rate (TSR), and residual weight

(RW)) are obtained using a software developed in our laboratory. When measured

under 50 kW/m2, all data are reproducible to within +10%. The results presented in

the following are averages from two experiments.

Results and Discussion

Thermal Degradation

The TG curves and the first derivative curves of PP, PC and PP/PC blends are shown in

Figure 1. Characteristic degradation temperatures obtained from these thermograms are

summarized in Table 1.

Base Polymers

The thermo-oxidative decomposition of PP occurs in one step with an initial degradation

temperature Ti of 2408C. The thermal decomposition of PP has been extensively studied

(26–28) and in the presence of oxygen, the well-known initiation (28), propagation and ter-

mination sequences occur as presented in Figure 2. Once an alkyl radical is formed, it will

react with oxygen, even at very low partial pressures, to give the alkylperoxy radical. This

is converted by radical exchange to a hydroperoxide, which in turn will cleave to an

alkoxy radical. In PP, fragmentation of the tertiary alkoxide radical to a ketone occurs.

This regenerates a primary alkyl radica, which, after rearrangement, can once again take

part in the original scheme. Polycarbonate exhibits a three-step thermal decomposition

process. The major step of decomposition occurs between 4008C and 5508C and two over-

lapped steps are observed successively between 5508C and 6008C and between 6008C and

6808C. It has been previously reported (28) that the degradation of polycarbonate occurs in

three stages; oxidative degradation above 3108C, depolymerization between 3408C and

3808C with a characteristic endothermic peak, and thermal degradation above 5008C,

which yields aromatic hydrocarbons, phenolic compounds, and tar. The oxidative degradation

(29) involves at least oxidation and decomposition of the isopropenyl groups and cross-linking

reactions through the oxidative coupling of bisphenol A units to form biphenyl groups.

Blends PP/PC

When PP and PC are blended together without any compatibilizer, smaller values of Ti

and Tmax are achieved. The blends compatibilized with PP-g-MA and EBuAMA also

N. Renaut et al.980
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exhibit smaller values of Ti whereas the Tmax increase marginally (respectively, 370 and

3758C). The first step of decomposition may be attributed to the degradation of PP since

the temperature T1max for pure PP is 3508C and 3208C for PP/PC blend without any com-

patibilizer and 3708C for PP/PC with compatibilizer. The thermal decomposition of PP

and PC does not overlap. The final stage of blend degradation occurs between 400 and

5608C and may be assigned to PC component degradation in blend. In the blends, PC

component degrades in a single step with a maximal decomposition temperature T2max

between the two decomposition temperatures of pure PC.

Figure 1. TG and first derivative curves of PP, PC and blends PP/PC, PP/PC/PP-g-MA, PP/PC/
EBuAMA.

Table 1

Parameters evaluated from the TGA and DTG curves of PP, PC and blends PP/PC,

PP/PC/PP-g-MA and PP/PC/EBuAMA

System

Initial

decomposition

temperature Ti

(8C)

Maximal decomposition

temperature (8C)

Final

decomposition

temperature Tf

(8C)T1max T2max

PP 240 350 — 380

PC 400 500 610 650

PP/PC 220 320 530 550

PP/PC/PP-g-MA 230 370 510 540

PP/PC/EBuAMA 230 375 530 560

Thermal Properties of PP/PC Blends 981
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Figure 3 shows comparison between the experimental curves and the theoretical

curves. Those curves have been constructed by adding the weighted contributions of

each pure polymer curve. In this way, the theoretical curve represents one, which

should be expected from the system when no interactions are present between the blend

components. The PP/PC blend shows a lower stability than expected. This has already

been observed in the literature and attributed to the incompatibility of the system

leading to a very poor interaction between the phases (30, 31). For the PP/PC blends

with compatibilizer, the thermal stability is higher up to 4008C. Such an increase in the

thermal stability may be attributed to an increase in the adhesion between the components

of the blend as previously reported for other systems (30). It may be due to the formation

of a new material formed by chemical and/or physical interactions between the blend con-

stituents. As an example, the polyolefins grafted with highly electrophilic MA moiety can

react readily with the nucleophilic amine end groups of polyamides to form amic acid,

followed by ring closure to form a thermally stable imide at the elevated temperature

under normal melt processes. In order to check if chemical reactions occur between the

components of the PP/PC blends, FTIR analysis is carried out and reported in Figure 4.

It clearly appears that there is no additional peak on the spectra of the compatibilized

blend in comparison with the PP/PC blend. As a consequence, the increase in thermal

stability in the PP/PC/PP-g-MA and PP/PC/EBuAMA materials is somewhat attributed

to a difference in morphology of the blends rather than in strong chemical interactions.

This will be discussed in a latter part of this paper.

Thermomechanical Stability for PP/PC Blends

Dynamic mechanical analysis is often used to study the relaxation of the polymer. Visco-

elastic spectra of PP, PC and blends in terms of storage modulus E0 and tan d are given in

Figure 5. At lower temperatures, E0 has a greater value for pure PP and ternary blend PP/
PC/PP-g-MA when compared with PC and other blends (Table 2). Pure PC presents the

steadiest value of E0 between –408C and 1408C. From ambient temperature to 1408C. At

T ¼ 1008C, the storage modulus (E0) had a smaller value for the PP and PP/PC/EBuAMA

when compared with PP/PC/PP-g-MA, and PC. The highest E0 value is for the PC. Appar-

ently, the two compatibilized blends do not behave identically.

For pure PP, the main relaxation of PP attributed to b-transition, appears around 38C
(Tg PP). PP also presents an a-transition around 1208C (32). For PP/PC and PP/PC/
EBuAMA blends, the Tg (PP) shifts to smaller temperatures (Figure 5). On the contrary,

Tg for the blend PP/PC/PP-g-MA displaces to higher temperature (Table 2). The blend

with PP-g-MA also presents the smaller decrease in storage modulus after PP relaxation.

Figure 2. Mechanism of degradation of PP.

N. Renaut et al.982
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Morphology and Structure

The effect of the type of compatibilizer can be seen comparing the morphologies of the

blends. Figure 6 shows blends with and without the presence of the two compatibilizing

agents used. Figure 6(a) displays the micrograph of the noncompatibilized blend

Figure 3. Experimental (– – –) and theoretical (——) TGA curves of PP/PC (a), PP/PC/PP-g-MA

(b), and PP/PC/EBuAMA (c).

Thermal Properties of PP/PC Blends 983
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Figure 4. FTIR spectra of PP/PC (a), PP/PC/PP-g-MA (b), and PP/PC/EBuAMA (c).

Figure 5. Temperature dependence of storage modulus E0 and tan d of PP, PP/PC, PP/PC/PP-g-

MA, and PP/PC/EBuAMA.

N. Renaut et al.984
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PP/PC. The immiscibility of the two components resulted in phase segregation, where the

minor phase was dispersed in large spherical domains with diameter ranging from 5 to

10mm. This may explain why the degradation of the blends is dominated by the matrix.

The presence of holes proves the retreat of particles, indicating that there was no

adhesion between PP and PC.

The addition of PP-g-MA or of EBuAMA to the blend PP/PC leads to a decrease in

the particule size as can be observed in Figures 6(b) and (c). However, there is still poor

adhesion between the immiscible phase, since holes are still present in a large quantity.

This behavior is not in agreement with the results obtained for thermomechanical pro-

perties that show different behavior for PP-g-MA and EBuAMA. The improvement in

thermomechanical stability obtained in the presence of PP-g-MA can not only be

Table 2
DMA data for PP, PC, blends PP/PC, PP/PC/PP-g-MA, and PP/PC/EBuAMA

System Tg (8C)

E0 (GPa)

T ¼ 2408C T ¼ 208C T ¼ 1008C

PC — 3.36 3.07 2.68

PP 3.20 7.22 3.73 0.88

PP/PC 2.40 6.91 4.00 1.21

PP/PC/PP-g-MA 6.40 7.21 4.22 1.28

PP/PC/EBuAMA 1.60 6.70 3.33 0.78

Figure 6. SEM micrographs of (a) PP/PC, (b) PP/PC/PP-g-MA, and (c) PP/PC/EBuAMA.

Thermal Properties of PP/PC Blends 985
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assigned to the weak improvement of the homogeneity of the PP/PC/PP-g-MA system

(i.e., decrease in the particle size).

The WAXS patterns of a selected sample are presented in Figure 7. Plain PP exhibits

peaks at 2u ¼ 14.2; 17.0; 18.6; 21.1 and 22.0 degrees, which correspond to the a crystal

form (monoclinic phase). The addition of PC and compatibilizing agent does not affect the

crystal structure of PP in the blends.

Thermal Properties

The crystallization of PP in PP/PC blends was studied by differential scanning calorimetry

(DSC).

The DSC cooling thermograms of pure PP and PP/PC blends are shown in Figure 8.

Characteristic thermal properties are summarized in Table 3.

Crystallinities were calculated according to Equation (1).

Fi ¼
DHm

DH0
m

� 100 ð1Þ

where DHm
0 and DHm are respectively an extrapolated value of enthalpy corresponding to

the melting of 100% crystalline PP and the value of enthalpy corresponding to the melting

of PP (DHm
0 ¼ 209 J/g).

Effects of amorphous PC on the crystallinity of PP in blend are shown in Table 3. For

all the blends, the degree of crystallinity of PP component decreases. The crystallization

temperature of PP (Tc PP) is lower than Tg of PC (about 1458C) (17). That means when PP

begins to crystallize, the PC component has already become rigid and therefore may affect

Figure 7. Wide-angle X-ray scattering patterns of (a) PP, (b) PP/PC, (c) PP/PC/PP-g-MA, and

(d) PP/PC/EBuAMA.
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the crystallization process of PP in blend. The blend PP/PC/PP-g-MA presents the smaller

decrease of crystallinity. For this blend, the crystallization peak temperature is higher than

the crystallization peak of pure PP (118.48C). A similar shift of Tc to a higher temperature

has been reported by Karger et al. (8) and Ghijsels et al. (4) for PP/EPDM blends, and they

suggested the dispersed phase of EPDM acted as a weak nucleating agent. For the blend

PP/PC/PP-g-MA, the increase of crystallization peak temperature of PP and the limited

decrease of PP crystallinity show that PP-g-MA seems to act as a nucleating agent. This

behavior has already been reported for PP-g-GMA (17).

The melting temperature of PP and PP/PC blends are similar whatever the material

(Table 3).

Fire Retardant Properties

The heat release rate (HRR) curves of PP, PC, and PP/PC blends are shown in Figure 9

and the residue collected after the experiments are presented in Figure 10. Characteristic

fire retardant properties are summarized in Table 3.

Base Polymers

The addition of ammonium polyphosphate in the base polymer matrices leads to an

improvement of the flammability of the materials in particular in the case of PC. The

Figure 8. DSC crystallization behaviour of pure PP and PP/PC blends.

Table 3
Thermal parameters of pure PP and PP in blends PP/PC, PP/PC/EBuAMA

and PP/PC/PP-g-MA

System

Tm PP

(8C)

Tc PP

(8C)

To 2 Tc

(8C)

DHc PP

(J/g)

DHm PP

(J/g)

fi

(%)

PP 160.9 118.4 5.0 291.5 88.1 42

PP/PC 161.2 118.2 4.9 281.0 79.1 38

PP/PC/EBuAMA 160.1 118.0 4.9 276.1 69.7 33

PP/PC/PP-g-MA 162.2 119.0 4.6 286.2 83.3 40

Thermal Properties of PP/PC Blends 987
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improvement is particularly important in the case of the PC matrix. The addition of

ammonium polyphosphate into the PP increase the LOI of around 3 vol % and the

PkHRR decreases from around 50% (virgin PP–LOI ¼ 17 vol. %, PkHRR ¼ 1300 kW/m2

(33)). A black carbonaceous residue (17 g/g-%) is obtained at the end of the cone calorimeter

experiment (Figure 10), whereas the virgin PP burns totally. However, the material does

not successfully pass the UL-94 tests due to a high combustion time (40 sec) and to

dripping. In the case of PC/APP, a UL-94 V0 rating is achieved (compared to V-2 for

virgin PC (34)). PC appears as an interesting carbonization agent as demonstrated by

the residue obtained at the end of the cone calorimeter tests (Figure 10, an expanded intu-

mescent structure, is obtained). Moreover, the addition of APP into PC leads to an increase

of the LOI of 8 vol. % (pure PC presents a LOI of 30 vol. % (34)) and the heat release rate

remains very low during all the cone calorimeter experiments (,270 kW/m2). The high

values of TSR and PkCOP for PC/APP material demonstrates that, in that case, incom-

plete combustion are favored leading to an increase of the opacity and toxicity of the

smoke release.

Figure 9. HRR curves vs. time of intumescent materials (heat flux ¼ 50 kW/m2).

Figure 10. Residue ((a) PP/APP; (b) PC/APP; (c) PP/PC/PP-g-MA/APP) from cone calorimeter

experiments.

N. Renaut et al.988
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PP/PC Blends

The addition of APP into PP/PC blends improve the fire retardant properties of the

material. Either, if the LOI of the PP/PC blends compares to PP-based material does

not sharply increase, the V-2 classification and the improvement of the cone calorimeter

parameters are noted. When compared with PP/APP, it is observed that the PkHRR

decreases from 20% when no compatibilizer is used to 30% when PP-g-MA compatibi-

lizes the blend. The addition of the interfacial agent has an effect on the fire retardant

performance of the blend as previously observed in PP/PA-6 blends (33). The best per-

formances are obtained when PP-g-MA is used. It may be assumed that in the case of

the compatibilized blend, the better dispersion of PC into the PP matrix enables us to

improve the interactions between the APP particles and the PC domains. Further study

is needed to confirm this hypothesis. The HRR curves vs. time present two peaks,

which is characteristic of intumescent materials. The first peak is attributed to the

formation of the intumescent shield and the second to its destruction (either mechanical

or thermal degradation). The compatibilized systems present a lower first PkHRR confirm-

ing the previously described hypothesis. Moreover, the compatibilized blends present an

increase in the residual weight and a decrease in PkCOP and PkCO2P compared with PP/
PC/APP. A carbonaceous residue is obtained whatever the PP/PC blends (Figure 10).

Conclusion

In the first part, the effects of two commercially available compatibilizer on the thermal

and thermomechanical properties of PP/PC blends have been investigated. It has been

shown that the compatibilizing effect of PP-g-MA for PP/PC blends are more efficient

than the terpolymer EBuAMA leading to higher thermomechanical properties. The

particle size of the minor phase in the PP/PC blends decrease in a similar way

whatever the compatibilizer. The crystalline form of the PP is not affected by the

presence either of PC or of the compatibilizer. However, the crystallinity increase when

PP-g-MA is added in comparison with EBuAMA which may be bright together with

the improvement of the thermomechanical properties. In a second part, intumescent fire

retardant PP/PC blends have been developed. A UL-94 V2 material has been obtained.

It is observed that the compatibilizing agent affects the fire retardant properties of the

material and the best performance is achieved when PP-g-MA is used. Further study

will focus on the optimization of this formulation.

References

1. Moon, H.S., Ryoo, B.K., and Park, J.K. (1994) Concurrent crystallization in polypropylene/
nylon-6 blends using maleic anhydride grafted polypropylene as a compatibilizing agent.

J. Polym. Sci. Polym. Phys., 32 (8): 1427–1435.

2. Zhang, X.M., Li, G., Li, J.S., and Yin, J.H. (1997) Crystallization behavior of polypropylene/
polyamide 1010 blends using polypropylene-graft-glycidyl methacrylate as compatibilizer.

Angew. Makromol. Ch., 248: 189–200.

3. Duvall, J., Sellitti, C., Topolkaraev, V., Hitner, A., Baer, E., and Myers, C. (1994) Effect of com-

patibilization on the properties of polyamide 66/polypropylene (75/25 wt/wt) blends. Polymer,

35 (18): 3948–3957.

4. Fayt, R., Jerome, R., and Teyssie, Ph. (1982) Molecular design of multicomponent polymer

systems. III. Comparative behavior of pure and tapered block copolymers in emulsification of

Thermal Properties of PP/PC Blends 989

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



blends of low-density polyethylene and polystyrene. J. Polym. Sci. Polym. Phys. Ed., 20 (12):

2209–2217.

5. Lepers, J.C., Favis, B.D., and Tabar, R.J. (1997) Molecular design of multicomponent polymer

systems. III. Comparative behavior of pure and tapered block copolymers in emulsification of

blends of low-density polyethylene and polystyrene. J. Polym. Sci. Polym. Phys., 35 (14):

2271–2280.

6. Holsti-Miettinen, R., Seppala, J., and Ikkala, O.T. (1992) Effects of compatibilizers on the pro-

perties of polyamide/polypropylene blends. Polym. Eng. Sci., 32 (13): 867–868.

7. Varlet, J., Perez, J., Vassoille, R., Vigier, G., Glotin, M., and Cavaille, J.Y. (1993) Micro-

structure and mechanical properties of isotactic polypropylene (iPP)/polyamide 12 (PA12)

blends. J. Mater. Sci., 28 (20): 5560–5568.

8. Manning, S.C. and Moore, R.B. (1999) Reactive compatibilization of polypropylene and

polyamide-6,6 with carboxylated and maleated polypropylene. Polym. Eng. Sci., 39 (10):

1921–1929.

9. Roeder, J., Oliveira, R.V.B., Goncalves, M.C., Soldi, V., and Pires, A.T.N. (2002) Poly-

propylene/polyamide-6 blends: influence of compatibilizing agent on interface domains.

Polym. Test., 21 (7): 815–821.

10. Godshall, D., White, C., and Wilkes, G.L. (2001) Effect of compatibilizer molecular weight and

maleic anhydride content on interfacial adhesion of polypropylene-PA6 bicomponent fibers.

J. Appl. Polym. Sci., 80 (2): 130–141.

11. Favis, B.D. and Chalifoux, J.P. (1988) Influence of composition on the morphology of poly-

propylene/polycarbonate blends. Polymer, 29 (10): 1761–1767.

12. Fisa, B., Favis, B.D., and Bourgeois, S. (1990) Injection molding of polypropylene/polycarbo-

nate blends. Polym. Eng. Sci., 30 (17): 1051–1055.

13. Favis, B.D. and Therrien, D. (1991) Factors influencing structure formation and phase size in

an immiscible polymer blend of polycarbonate and polypropylene prepared by twin-screw

extrusion. Polymer, 32 (8): 1474–1481.

14. Li, C., Tian, G., Zhang, Y., and Zhang, Y. (2002) Crystallization behavior of polypropylene/

polycarbonate blends. Polym. Test., 21 (8): 919–926.

15. Tang, H. and Beatty, C.L. (2002) Proceedings of ANTEC 2002, Annual Technical Conference -

Society of Plastics Engineers, San Francisco, CL, May 5–9, 2002.

16. Zhihui, Y., Xiaomin, Z., Yajie, Z., and Jinghua, Y. (1997) Morphological, thermal, and mech-

anical properties of polypropylene/polycarbonate blend. J. Appl. Polym. Sci., 63 (13):

1857–1863.

17. Zhihui, Y., Yajie, Z., Xiaomin, Z., and Jinghua, Y. (1998) Effects of the compatibilizer PP-g-

GMA on morphology and mechanical properties of PP/PC blends. Polymer, 39 (3): 547–551.

18. Almeras, X., Le Bras, M., Bourbigot, S., Hornsby, P., Marosi, G., Anna, P., and Poutch, F.

(2003) Intumescent PP blends. Polym. Polym. Compos., 11 (8): 691–702.

19. Duquesne, S., Le Bras, M., Jama, C., Weil, E.D., and Gengembre, L. (2002) X-ray photoelectron

spectroscopy investigation of fire retarded polymeric materials application to the study of an

intumescent system. Polym. Deg. Stab., 77 (2): 203–211.

20. Le Bras, M. and Bourbigot, S. (2000) Use of carbonizing polymers as additives in intumescent

polymer blends, Abstracts of Papers, 220th National Meeting of the American Chemical

Society, Washington DC, Aug 20–24, 2004, American Chemical Society: Washington, DC,

PMSE 797.

21. Bugajny, M., Le Bras, M., Bourbigot, S., Poutch, F., and Lefebvre, J.M. (1999) Thermoplastic

polyurethanes as carbonization agents in intumescent blends. Part 1. Fire retardancy of poly-

propylene/thermoplastic polyurethane/ammonium polyphosphate blends. J. Fire Sci., 17 (6):

494–513.

22. Bourbigot, S., Le Bras, M., Duquesne, S., and Rochery, M. (2004) Recent advances for intumes-

cent polymers. Macromol. Mater. Eng., 289 (6): 499–511.

N. Renaut et al.990

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



23. Standard test method for measuring the minimum oxygen concentration to support candle-like

combustion of plastics ASTM D2863/77. American Society for Testings and Materials:

Philadelphia, PA, 1977.

24. Tests for flammability of plastics materials for part devices and appliances, Underwriters

Laboratories. Northbrook, IL: ANSI//ASTM D-635/77, 1977.

25. (a) Babrauskas, V. (1984) Development of the cone calorimeter—a bench-scale heat release rate

apparatus based on oxygen consumption. Fire Mater., 8 (2): 81–95; (b) Ecole, J. and Calefas, A.
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