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Abstract In this work, the rheological, mechanical

and morphological properties of nylon 6/polypropylene

compatibilized blends were investigated. Two types of

polypropylene were used. One with MFI of 40 g/

10 min (PP H103) and the other with MFI of 3.5 g/

10 min (PP H503). The compatibilizers used were

polypropylene grafted with 6% of acrylic acid

(PPgAA) and polypropylene grafted with 1% of

maleic anhydride (PPgMA). The blends composition

was 80/20 (wt%) for the PA6/PP binary blends and 80/

10/10(wt%) for the nylon 6/PPgAA/polypropylene and

nylon 6/PPgMA/polypropylene ternary blends. Torque

rheometry analysis showed that when PPgAA and

PPgMA were added to nylon 6/polypropylene blends,

there was an increase in the torque, indicating that

reactive compatibilization has occurred. There is no

influence of the polypropylene MFI on the mechanical

properties of the uncompatibilized and compatibilized

blends. The impact strength of the blends containing

PPgMA were greater than those of the blends con-

taining PPgAA. The blends containing PPgAA are

unstable. SEM analysis showed that PPgMA improves

considerably the adhesion between PA6/PP phases,

leading to good mechanical properties.

Introduction

Like most of the polymer blends, blends of nylon 6

(Ny6) and Polypropylene (PP) are immiscible and

characterized by high interfacial tension and poor

adhesion between the phases, leading to poor

mechanical properties. To mitigate this problem,

compatibilizers have been used. They may be a block

or graft copolymers that will either interact chemi-

cally with both phases or will have chemical interac-

tion with one phase and physical interaction with the

other [1–11]. The obtained blends may present

homogeneuos morphology. It is also possible to control

the dimension of the particles, and hence improve the

mechanical properties [5]. For Ny6/PP blends, many

compatibilizers have been used in the literature. Dagli

et al. [6] used polypropylene grafted with acrylic acid

(PPgAA) as a compatibilizer. They concluded that ac-

rylic acid can react with the end groups of Ny6 forming

either amide groups or anhydride groups. Roeder et al.

[7] studied the influence of PPgMA on interface do-

mains of PP/NY 6 blends. They concluded that the

addition of small quantities of PPgMA to the incom-

patible blends of PP/Ny6 increased the homogeneity of

Ny6 phase dispersion in the PP matrix with a reduction

in the size of domains and copolymer formation in the

interface. It is known that maleic anhydride can react
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with the end groups of Ny6 forming either cyclic

imide, amide acid or diamide structures [8]. Tedesco

et al. [9] studied the effects of polypropylene func-

tionalized with maleic anhydride (PPgMA) and

polypropylene functionalized with glycidil methacry-

late (PP-GMA) as compatibilizing agents on poly-

propylene/nylon 6 blends. They concluded that the

effect of PPgMA for PP/nylon 6 blends was more

effective than the PP-GMA. Tseng et al. [10] used a

poly(oxypropylene)-amide grafted polypropylene

(POPgPP) as a compatibilizer for PP/Ny6 blends,

focusing on the effect of the hydrogen bonding to the

miscibility, morphology, thermal behavior and

mechanical properties. They concluded that POPgPP

can facilitate the formation of hydrogen bonds with

Ny6 and, therefore, the compatibilizing effect. Ohls-

son et al. [11] studied the compatibility between Ny6

and PP by the use of maleic anhydride grafted SEBS

(MAgSEBS). They concluded that even in high con-

centrations, unmodified SEBS was found to be a poor

compatibilizer, affecting the properties of the matrix

and the graft copolymer formed by the reaction be-

tween MAgSEBS and Ny6 influenced the morphol-

ogy, forming an interphase separating Ny6 and PP

phases. Besides PP other polymers have been used as

a disperse phase. Araújo et al. [12–14] studied the

effect of poly(methyl methacrylate-co-maleic anhy-

dride) (MMA-MA) and poly(methyl methacrylate-

co-glycidil methacrylate (MMA-GMA) as compati-

bilizers of the Ny6/ABS blends. The authors observed

that the MMA-MA copolymer is an efficient alter-

native for the reactive compatibilization of the Ny6/

ABS system because the mechanical and thermal

properties were improved by a higher interaction

between the two phases with incorporation of the

MMA-MA compatibilizers. On the other hand, the

results evidenced that the MMA-GMA copolymer is

not very effective for Ny6/ABS system because this

compatibilization agent did not promote significant

toughening of Ny6/ABS blend. Valenza et al. [15]

studied the blends of Nylon 6 and Linear Low Den-

sity Polyethylene (LDPE) functionalized with meth-

acrylic acid derivatives. The results indicated that

functional groups grafted in the polyethylene chains

induce compatibilization. Different effects due to the

chemical nature of the grafting groups of the blend

structure were also observed. There is no work in the

literature about the influence of the melt flow index

(MFI) of the disperse phase on the final properties of

the blends. The aim of this work is to study the effect

of different polypropylenes (different MFI) and

compatibilizers on the rheological, mechanical and

morphological properties of Ny6/PP blends.

Experimental

Materials

Polypropylene PPH103(MFI = 40 g/10 min) and poly-

propylene PPH503 (MFI = 3.4 g/10 min) were sup-

plied by Braskem. Polypropylene grafted with 6 wt.%

of acrylic acid (MFI = 40 g/10 min) Polybond

1001(PPgAA) and polypropylene grafted with 1 wt.%

of Maleic Anhydride (MFI = 110 g/10 min) Polybond

3200 (PPgMA) were supplied by Crompton. Nylon 6,

Technyl C 216, natural was supplied by Rhodia.

Blends preparation

Prior to each processing step Ny6, PPgAA and PPgMA

were dried under vacuum at 80 �C for 24 h. The mix-

tures were carried out in a counter-rotating interme-

shing twin screw extruder at 240 �C in all zones and

50 rpm. The composition was 80/20 (wt.%) for Ny6/PP

binary blends and 80/10/10 (wt.%) for Ny6/PPgAA/PP

and Ny6/PPgMA/PP ternary blends.

Torque rheometry

Rheological measurements were performed in a Haake

System 90 torque rheometer at 240 �C and 50 rpm

during 20 min, under air atmosphere. The composi-

tions of the blends were 80/20 (wt.%) for Ny6/PPgAA

and Ny6/PPgMA binary blends and 80/05/15, 80/10/10,

80/15/05 (wt.%) for Ny6/PPgAA/PP and Ny6/PPgMA/

PP ternary blends.

Samples preparation

Blends samples for tensile and impact strength tests

were obtained by injection molding at 240 �C, using a

FLUIDMEC, Model H3040 Apparatus.

Mechanical properties

Tensile tests were carried out in an Universal Testing

Machine, LR 10KN, Lloyd Instruments, according to

ASTM-D 638 at a cross head speed of 50 mm/min.

Izod impact tests were performed according to ASTM-

D 256 in notched samples at room temperature using a

CEAST RESIL 5,5 machine and hammer of 2,75 J. For

each test, 10 samples were used.

Scanning electron microscopy (SEM)

Fracture surfaces of the blends subjected to impact

strength tests were coated with gold and analyzed by
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Scanning Electron Microscopy, using a SHIMADZU,

SS X550 Super Scan Apparatus. The voltage used was

20.0 kV.

Results and discussion

Torque rheometry

Figure 1 shows the torque curves of the blends con-

taining PPH103 and PPH503. According to Fig. 1a and

b, when the compatibilizer PPgAA is present in Ny6/

PPH103 and Ny6/PPH503 blends there is an increase in

the torque. This is an evidence of graft reactions of

Ny6–PPgAA copolymer, with an increase in the amide

groups concentration, as reported by Dagli et al. [6].

After 10 min there is a slight decrease in the torque.

According to Méier-Haak et al. [16], this happens be-

cause the acid groups of PPgAA lead to a degradation

of the Ny6 chains reducing its molecular weight. In

addition, at temperatures higher than 200 �C, the

reaction between acids and polyamides is very fast.

When PPgMA is present in the Ny6/PP blends, there is

an increase in the torque, indicating that Ny6-PPgMA

copolymer, containing imide groups, formation has

occurred. After 10 min the torque remained constant

for this system, i.e., it seems that the reaction is more

stable. PPgMA copolymer seems to suitable for com-

patibilization since it can react only with one phase and

be miscible with the other phase, being located in the

interface between the two phases. This process reduces

the interfacial tension between the blend components

and delays the coalescence of the dispersed phase

stabilizing the morphology. In both cases, the increase

in the torque is an indicative of reactive compatibili-

zation. PPgAA is more reactive than PPgMA. How-

ever, Ny6/PP blends with PPgAA are unstable.

Figure 2a and b show the torque rheometry curves

of PA6/PPgAA/PPH103 and PA6/PPgAA/PPH503

respectively, with different PPgAA content (wt.%).

The amounts of PPgAA used were 5, 10, 15 and 20

(wt.%). PPgAA was inserted after 5 min, when Nylon

6 and PP were already melt mixed, and it is indicated

by an arrow (Fig. 2a, b). The amounts of Ny6 were

kept constant, so that the number of amide end groups

would be the same. It may be observed that increasing

the PPgAA concentration, the torque of the blends

also increases. This happens because increasing

PPgAA concentration, there is more chances of reac-

tion between the acid groups of PPgAA and the amino

end groups of Ny6. It can also be observed that the

higher the PPgAA concentration, the higher is the

blend degradation. As discussed before, the acid

groups of PPgAA lead to the degradation of Ny6

chains [16]. Regardless of Polypropylene melt flow

index (MFI) the effect of PPgAA was the same. Fig-

ure 2c and d show the torque curves of PA6/PPgMA/

PP H103 and PA6/PPgMA/PPH503 blends respec-

tively, with different PPgMA content. The amounts of

PPgMA used were 5, 10, 15 and 20 (wt.%). The

amounts of Ny6 were kept constant. PPgMA was

inserted after 5 min, when Ny6 and PP were melt-mixed

and it is indicated by an arrow (Fig. 2c, d). It may be

observed that the torque of the blends increased with

the increase of PPgMA concentration. However this

increase was less than that of the blends containing

PPgAA, due to the fact that PPgAA has higher MFI,

increasing the chances of reaction, and lower diffusion.

There is almost no difference between the torque of the

blend containing 15% of PPgMA and that of the blend

containing 20% of PPgMA. As occurred with the blends

containing PPgAA, the effect of PPgMA on the blends

was the same, regardless of polypropylene MFI.

Mechanical properties and morphology

Table 1 shows the mechanical properties of Ny6, PP and

their blends (uncompatibilized and compatibilized). It
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Fig. 1 Haake torque curves
of (a) blends containing PP
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containing PP H503
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may be observed that the mechanical properties of the

uncompatibilized blends were similar regardless of

polypropylene MFI, indicating that there is no influence

of the polypropylene melt flow index on the mechanical

properties. Among the compatibilized blends, the

mechanical properties of Ny6/PPgAA/PPH103 and

Ny6/PPgAA/PPH503 blend were similar. Also, the

mechanical properties of Ny6/PPgMA and Ny6/

PPgMA/PPH503 blends were similar, indicating that

there is no influence of polypropylene MFI. This is not

the case for the blends molded by compression, as re-

ported in previous works [17, 18]. The impact strength

of the uncompatibilized and compatibilized blends were

greater than those of the neat polymers. Among the

compatibilized blends, the impact strength of the blends

containing PPgMA was greater than those of the

blends containing PPgAA. This is attributed to a stable

reaction of PPgMA with nylon 6, and may be ex-

plained by analyzing the morphology. Figure 3a and b

show the morphology of Ny6/PPH103 and Ny6/

PPH503 blends, respectively. Ny6 clearly forms a

continuous phase while PP forms large domains. It can

be observed that the dispersed phase is debonded,

leaving a dark region in the interface. Most of the

dispersed phases were pulled out from the matrix

during deformation. Hence, a failure has occurred at

the Ny6/PP interface due to poor adhesion and high

interfacial tension. For this reason, the mechanical

properties were not sufficiently increased. When

PPgAA was added to Ny6/PP blends (Fig. 3c and d),

the particles average size decreased, but there was only

a slight improvement in the adhesion between the

phases. According to Kazmierczak et al. [19], the

interfaces between blends components are weak
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Fig. 2 Effect of
compatibilizer concentration
on the torque of the blends:
(a) Ny6/PPgAA/PPH103; (b)
Ny6/PPgAA/PPH503; (c)
Ny6/PPgMA/PPH103; (d)
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Table 1 Mechanical
Properties of Ny6/PP, Ny6/
PPgAA/PP and Ny6/PPgMA/
PP blends

E = Modulus; TS = Tensile
strength; IS = Impact
strength

Material E (GPa) TS (MPa) IS (J/m)

Ny6 1.9 ± 0.08 54.2 ± 1.9 72.6 ± 6. 6
PPH103 1.5 ± 0.030 31.0 ± 0.3 29.7 ± 1.3
PPH503 1.3 ± 0.04 29.0 ± 0.6 43.8 ± 1.7
Ny6/PPH103 1.8 ± 0.12 41.0 ± 2.3 87.6 ± 1.7
Ny6/PPH503 1.9 ± 0.06 40.0 ± 1.0 84.7 ± 5.4
Ny6/PPgAA/PPH103 1.3 ± 0.27 32.6 ± 1.6 79.6 ± 6.4
Ny6/PPgAA/PPH503 1.9 ± 0.08 38.2 ± 1.0 91.5 ± 8.1
Ny6/PPgMA/PPH103 1.8 ± 0.18 45.6 ± 2.6 117.3 ± 5.9
Ny6/PPgMA/PPH503 1.7 ± 0.17 42.7 ± 3.6 107.5 ± 8.4
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element of the blends even in the presence of com-

patibilizing action of PPgAA. When PPgMA was ad-

ded to Ny6/PP blends (Fig. 3e, f), there was a

considerable decrease in the particles average size and

improvement of the adhesion between Ny6/PP phases,

leading to good mechanical properties. The presence

of the PPgMA compatibilizer appears to restructure

the PP domains. The Ny6/PPgMA/PPH103 blend

presents a significant increase in the mechanical

properties under impact.

Conclusions

The effect of different polypropylenes and compati-

bilizers on the rheological, mechanical and morpho-

logical properties of Nylon 6/PP blends was studied.

Torque rheometry analysis showed that when

PPgAA and PPgMA are added to Ny6/PP blends,

there is an increase in the torque, which is an

indicative of reactive compatibilization. The higher

the PPgAA concentration, the higher is the degra-

dation of the blends. There is no influence of the

polypropylene MFI on the mechanical properties of

uncompatibilized and compatibilized blends. The

impact strength of uncompatibilized and compatibi-

lized blends was greater than those of neat polymers.

Among the compatibilized blends, the impact

strength of the blends containing PPgMA was greater

than those of the blends containing PPgAA, due to

higher interaction with nylon 6 and polypropylene

phases. Morphology analysis indicated that when

PPgAA and PPgMA were added to Ny6/PP blends,

there was a decrease in the particles average size and

an improvement in the adhesion between Ny6/PP

phases. The blends containing PPgAA are unstable,

since the acid groups lead to a degradation of Ny6

chains. PPgMA was more effective than PPgAA

indicating that the PPgMA copolymer is an efficient

alternative for the reactive compatibilization of the

Ny6/PP system.

Acknowledgements The authors would like to thank Crompton
for the donation of the compatibilizers, to Rhodia for the
donation of Nylon 6, CAPES, CNPq, PPG-EQ/UFCG and PPG-
CEMat/UFCG for financial support.

Fig. 3 SEM micrographs of
uncompatibilized and
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