
The structures of polypropylene/nylon 6 (PP/N6) blend filaments (10 and 20 % wt of
N6) made with or without PP-g-MAH as compatibilizer are investigated. The blend
filaments produced at the take-up speeds of 300 and 800 m/min were drawn with

draw ratio of 3.5 and 2, respectively. Effects of blending of N6 with PP on birefringence ,
crystalline, and amorphous orientation factors of the composite filaments are studied. The
amorphous orientation factor, fam of PP was found to increase with the increase in the
amount of N6 fraction. The blend filaments behaved like iso-strain materials and most of
the force in spinning and drawing was born by the PP phase.  The presence of N6 fibrils
helped the PP chain molecules to orient in amorphous regions. However, the crystalline
factor, fc of PP decreased with increase in the nylon fraction. This means that the pres-
ence of the crystals of N6 caused a decrease in the orientation of the PP crystals. 
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The purpose of blending polymers is
to obtain materials with additional
properties and minimum sacrifice of
their original properties [1-2].  An
immiscible blended polymer system
usually has a microstructure with the
phase separation between compo-

nents. This system, therefore, is a
new polymeric material with the spe-
cial features of each polymer. In
immiscible polymer blends, the
major component forms a continu-
ous matrix while the dispersed one
assumes different forms (droplet,
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rod, fibril, or lamella) [3].   For improving strength and
stability of the interface in the immiscible polymer
blends, interface modifiers are added [4]. 

It has been reported that the melt spinning of immis-
cible polymer blends into fibres  with improved proper-
ties is of great interest in  synthetic fibres industry [5].

Immiscible polymers may provide unexpected, par-
ticularly in the field of rheology . Brody [6] found that
small amounts of immiscible polymers can lower the
orientation of PET, nylon 66, and polypropylene fibres
at high speed wind-up. He believed that the mechanism
governing wind-up speed suppression takes place  in the
spinning threadline connected deformation of globules
into microfibrils. The viscosity may be lower than pure
component over a broad concentration range, as had
been found by Han [7,8] for polystyrene/ polypropylene
and polystyrene/high density polyethylene blends.

However, there is the very curious behaviour that is
becoming increasingly evident in the literature that
small amounts of one polymer are added to another.
This produce the large decrease in the shear viscosity of
the major component as measured by capillary and
rotational rheometers. The viscosity of polypropylene
can be reduced by small additions of various polymers
[6], e.g., adding about 2% of polycarbonate gives a par-
ticularly large drop of viscosity nearly 70% [6]. Lipa-
tov [9] has found that small amounts of polycarbonate
give a large decrease in the viscosity of polystyrene,
and he also studied a number of other immiscible poly-
mers and found similar behaviour [10]. Utracki [11]
has also found similar behaviour for small concentra-
tion of nylon 66 in polyethylene terephthalate. It was
found that small additions of thermotropic liquid crys-
tal polymers lowered the viscosity of various polymers,
which facilitates injection moulding [12].

Blends of PP and nylon 6 (N6) have received much
attention in recent years [13].  PP and N6 are immisci-
ble polymers when combined, it leads to materials with
improved chemical and mechanical characteristics.
PP-g-MAH has been shown to be an effective compat-
ibilizer for the system [14].  The elongation force field
in melt spinning process has been found to be more
effective in producing fibrillar morphology than the
shear force field present in extrusion and moulding
processes [15]. 

Takahashi et al. [16] studied the effect of viscosity
ratio of both polymers on the structure of PP/N6 fibres.

They proposed that for a polyblend fibre having viscos-
ity ratio greater than 1 the crystal orientation of PP was
considerably lower than that what they observed when
the viscosity ratio was less than 1.  They investigated
[17] the effect of drawing on the structure and physical
properties (tensile strength and elongation) of the
PP/N6 polyblend fibres. They found the N6 was hardly
affected by drawing ratio and blending ratios, but the
PP component exhibited a higher crystallinity by drawing
and the increment of PP crystalline orientation in the
blend fibres through drawing was smaller than that of
the PP fibres. Also, they examined  the effect of the
fractions of PP and N6 components on the creep char-
acteristics of the fibre [18].

Grof et al. [19] showed that by the addition of inter-
face modifier, PP-g-MAH, fibre extrusion process
became more effective and the properties of the fibres
(tenacity and modulus) improved.  These researchers
also examined the effect of drawing on the physical
properties of PP/N6 fibres in which N6 fraction was
varied over 0-10 wt% [20-21]. Grof et al. [20] reported
the decreasing of amorphous orientation factor of PP up
to 3 wt% of N6. They also found that the decrease of
average orientation occurs predominantly due to the
decrease in the orientation of amorphous domains and
there is only a weak increase of crystallinity orientation
in the crystalline domains [21]. Liang et al. [22] inves-
tigated the effect of extruding PP/N6 through a capil-
lary rheometer on the rheology and phase morphology
and also studied the development of structure during
melt spinning of fibres.

In this work, blend filaments were produced from
PP and N6 containing 0 and 10 % wt of N6  and 0 % wt
of  PP-g-MAH, in one set and, 10 and 20% wt of N6
with 5 % wt of PP-g-MAH, in another set.  The melt
spun filaments were taken up at two different speeds,
namely 300 and 800 m/min. For studying the effect of
drawing on orientation of the crystalline and amor-
phous regions of PP and N6 phases, the blend filaments
were drawn at two draw ratios i.e., 3.5 X for filaments
extruded at 300 m/min and 2 X for filaments extruded
at 800 m/min.  For calculating orientation factors in the
amorphous regions of PP and N6 of the blend fila-
ments, 2 different methods were used involving differ-
ent assumptions. The orientation factor of crystalline
regions was determined by a wide angle X-ray diffrac-
tion (WAXD) unit. 



EXPERIMENTAL

Materials
Commercial fibre grade isotactic polypropylene known
as Escorene was obtained from Exxon. PP Had a melt
flow index (MFI) of 16.7 g/10 min, density of 0.97 of
g/cm3 and Tm of 170oC.  Fibre grade nylon 6 was supplied
by Allied Signal., USA. N6 Had MFI of 27.6 g/10 min,
density of 1.14 g/cm3 and Tm of 220oC. PP-g-MAH
(trade name PB 3150) was  received from Uniroyal,
USA. This polymer had melt flow index of 50 g/10 min,
MAH Index of 1.5% and density of 0.9 g/cm3.  Table 1
shows the composition of filaments, take-up speed, and
draw ratios.

Fibre Spinning
Before melt spinning, the N6 polymer chips were dried
in a vacuum oven for 24 h at 80oC. Melt spinning
process for producing fibres was performed on the Alex
James melt extruder with a spinneret containing 64

holes, each hole in spinneret has 0.6 mm diameter and
2.3 L/D ratio. The processing temperatures were con-
trolled at 5 different zones in the extruder from the feed
to die; the temperatures being 235, 245, 250, 265, and
270oC.  Undrawn filaments were taken-up at 300 and
800 m/min.

Drawing of Filaments
The filament yarns were drawn on a Dienes single posi-
tion experimental drawing unit (Dienes Apparatebew
GMBH, Mulheim, West Germany). Figure 1 illustrates
the arrangement of the drawing rollers employed in this
work.  The temperatures of hot plate and the rollers
were 120 and 100oC, respectively.  The samples col-
lected at 300 m/min were drawn at 3.5 X and those col-
lected at 800 m/min were drawn at 2X.

X-ray Analysis of Polyblend Fibres
A Siemens X-ray diffraction unit, operated at 30 KV
and 20 mA, with Cu K α (λ= 1.54 A

o

) line, was used to
estimate the crystal size and the magnitude of the crys-
talline orientation.  The blend filaments were hand
wound parallel on a sample holder; the latter was posi-
tioned perpendicular to the axis of X-ray beam.

The 040 and 110 monoclinic reflections of PP were
recorded and used to compute Hermans-Stein crys-

Crystalline and Amorphous Orientation of Polypropylene...Afshari M.

Iranian Polymer Journal / Volume 14 Number 12 (2005) 1044

Table 1. Compositions, take up speeds, and draw ratios used

for making blend filaments.

Sample

code

PP

(wt%)

N6

(wt%)

PP-g-MAH

(wt%)

Take up

speed

(m/min)

Draw

ratio

A1

A2

A3

A4

A5

A6

A7

A8

A9

A10

A11

A12

A13

A14

A15

A16

100

90

85

75

100

90

85

75

100

90

85

75

100

90

85

75

0

10

10

20

0

10

10

20

0

10

10

20

0

10

10

20

0

0

5

5

0

0

5

5

0

0

5

5

0

0

5

5

300

300

300

300

800

800

800

800

300

300

300

300

800

800

800

800

-

-

-

-

-

-

-

-

3.5

3.5

3.5

3.5

2

2

2

2
Figure 1. Arrangement of Diens drawing unit used for draw-

ing blend filaments.
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talline orientation factors [23].  These factors can be
used to indicate the orientation of the third crystallo-
graphic axes with respect to the fibre axis. They are
defined in such a way that the orientation factor is “1”
if the crystallographic axis is aligned parallel to the
fibre axis, “-0.5” if the axis is aligned perpendicular to
the fibre axis, and “0” if the axis is distributed randomly
in the sample.  The orientation factor is given by:

fi = (3 cos2φj,z-1)/2    (1)

where cos2φj,z is the average value of the square of the
cosine of the angle between the fibre axis and the j
crystallographic axis (j = a, b, or, c).  Assuming rota-
tional symmetry about the fibre axis, the value of this
quantity is given as follows:

where Ihkl (φj,z)  is the intensity of the diffracted beam
from the (hkl) planes that are normal to the j-crystallo-
graphic axis.

Using equations 1 and 2, the value of  fb was com-
puted from the intensity distribution in the 040 reflec-
tion. In monoclinic polypropylenes, the chains are heli-
cally configured whose axes lie along the c-crystallo-
graphic axis. In oriented fibres there is no convenient
set of diffraction planes which lie perpendicular to the
c-axis, and, therefore, the method of Wilchinsky [24]
was used to compute fc. Wilchinsky [24] has shown
that for monoclinic polypropylene,

where, cos2φ110,z and cos2φ040,z are obtained from
intensity measurements on the 110 and 040 reflections.
Therefore, the quantity of cos2φj,z was determined
using equation 6.

Crystal size was calculated from the Scherrer's
equation [25]:

where L, λ, and β are the crystallite dimension, the
wave length, and breadth at half maximum intensity,
respectively. For orientation of the pseudohexagonal
nylon 6 [22] in melt-spun fibres, we used the 002 equa-
torial reflection.

Birefringence Measurements
Birefringence was measured with an interference
microscope (Martin Microscope).  Objective lens used
was 12.5X, 0.25 NA. The magnitude of amorphous ori-
entation in the fibres was determined using the theory
of Stein and Norris [23]. The total birefringence is
composed of the amorphous and the crystalline contri-
butions and of the form value:

where, ∆nc
o and ∆nam

o are the intrinsic birefringences of
the crystalline and amorphous regions,  respectively,
and x is the degree of crystallinity.  For intrinsic values
of birefringence of PP, we accepted the results of
Samuels, i. e., ∆nc

o = 0.0331 and ∆nam
o = 0.0468 [26],

and for N6 we accepted the values calculated by Bal-
cerzyk et al., ∆nc

o = 0.089 and ∆nam
o = 0.078 [27].

∆nform is the so-called form birefringence [28] and cal-
culated from the following equation:

Where, φ1 and φ2 are the volume fractions of the
dispersed phase (N6) and the matrix (PP), respectively,
and n1 and n2 are their corresponding refractive
indices. n11 refers to the refractive index of the blend
composition along the fibre axis.  

Calculations for the blend filaments show that
∆nform is about 0.0005 for (90/10), 0.00048 for
(85/10/5) and 0.000848 for (75/20/5) compositions.
Accordingly, the form birefringence had little contribu-
tion to the total birefringence and was therefore neg-
lected in the calculations. To calculate fam we used ∆n

∫

∫
π

π

φφφ

φφφφ
=φ

2

0

z,jz,jz,jhkl

2

0

z,jz,jz,j
2
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z,j
2

dsin)(I

dsincos)(I

cos (2)

z,040
2
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2
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from birefringence measurements, x from DSC, and fc
from WXRD measurements.

Thermal Properties
A Perkin-Elmer differential scanning colorimeter
(Model DSC7), calibrated with indium, was used to
study the thermal behaviour of the blend filaments.
Specimens of 3 to 5 mg were encapsulated in alu-
minum pans and heated at the rate of 20oC/min from
the room temperature to 250oC, and subsequently
cooled to the room temperature.  The fusion enthalpies,
∆Hf,PP and ∆Hf,N6, were measured and the degrees of
crystallinity, χc,PP and χc,N6, were calculated from the
following equations:

where, ∆H
o

f,PP and  ∆H
o

f,N6 are the fusion enthalpies
of completely crystalline PP and N6 materials, respective-
ly [29], and  wpp and wN6 are the corresponding weight
fractions of the two materials in the blend filaments.
The values of ∆H

o

f were taken from the literature which
were 50 and 55 cal/g for PP and N6, respectively [29]. 

RESULTS AND DISCUSSION

Percent crystallinity for PP and N6 components were cal-
culated using DSC. The results, given in Tables 2, show
that with an increase in take up speed and draw ratio the
percent crystallinity of PP and N6 components in the
blend filaments increased. Also, as shown in this table,
the total birefringence increased with an increase in the
fraction of N6, the take-up speed, and the draw ratio. 

Calculation of the Amorphous Orientation Factor
Orientation factor for crystalline region was calculated

100
w

1

H

H
(%)

6N6N,f

6N,f
6N,c o

×
∆

∆
χ ×= (9)

100
w

1

H

H
(%)

PPPP,f

PP,f
PP,c o

××
∆

∆
=χ (10)

Table 2. Crystallinity, orientation factor of crystalline regions, crystal size, and birefringence of blend filaments produced with var-

ious speeds and draw ratios.

Sample code

PP/N6/PP-g-MAH

Crystallinity 

of PP (%)

Crystallinity of N6

(%)
fc,pp fc,N6 L (A

o

) ∆n

300 m/min

A1 (PP)

A2 (90/10/0)

A3 (85/10/5)

A4 (75/20/5)

38.8

33.45

42.67

53.82

-

14.1

9.38

10.85

0.16

0.13

0.136

0.096

-

0.003

0.007

0.035

18.73

37.21

24.83

28.39

0.00641

0.00643

0.00658

0.00985

800 m/min

A5 (PP)

A6 (90/10)

A7 (85/10/5)

A8 (75/20/5)

45.52

40.32

43.1

53.7

-

18.9

14.3

25.8

0.40

0.35

0.38

0.34

-

0.12

0.14

0.18

25.09

31.72

43.55

70.8

0.01747

0.018683

0.019023

0.02063

300 m/min, DR = 3.5

A9 (PP)

A10 (90/10)

A11 (85/10/5)

A12 (75/20/5)

46.52

47.64

50.28

63.21

-

26.0

25.72

29.7

0.58

0.54

0.55

0.44

-

0.16

0.17

0.21

47.94

51.5

60.24

72.3

0.028683

0.029135

0.030381

0.031649

800 m/min, DR = 2.0

A13 (PP)

A14 (90/10)

A15 (85/10/5)

A16 (75/20/5)

44.9

49.12

51.01

68.61

-

21.02

15.3

38.1

0.73

0.68

0.71

0.64

-

0.31

0.32

0.36

48.9

51

50.4

68.32

0.031472

0.031968

0.032431

0.034215



from the x-ray diffraction data. The results showed that
with an increase in the amount of N6, the orientation
factor for crystalline region decreased for PP, but
increased for N6. The orientation factor for crystalline
regions of PP and N6 in blend filaments is slightly
higher with compatibilizer than without it.  

For calculating orientation factor for amorphous
regions in the blend material, we used values of bire-
fringence from optical microscopy, percent crystallini-
ty from DSC data, and fc for PP and N6 from the X-ray
data.  

We assumed that the following relations should be
hold in the blend filaments: 

where,  w,  χ,  f, ∆nc
o , and ∆nam

o are weight fraction,
fractional crystallinity, orientation factor, the intrinsic
birefringences of the crystalline, and the amorphous
regions, respectively. In this method, we calculated the
average value of the orientation factor for the amor-
phous regions of blend filaments (fam).  

With increase in the amount of N6, the orientation
factor for crystalline regions of PP decreased and that
of N6 increased in both the undrawn and the drawn
blend filaments (Table 2). Liang et al.[22] had shown
that for a given spinline stress, with increase in the frac-
tion of N6, the orientation factor of crystalline region
decreased for PP but increased for N6; this agrees with
the results we obtained.  The crystal size of plane (110)
of PP increased with increase in the take up speed and
the draw ratio.  Teli et al. [30] reported growing of crys-
tal size of PP for plane (110) in fibres from blend of
PP/PBT and PP/PET. It is clear from the results of crys-
tallite size based on (110) plane of PP that in blend fil-

aments, crystals size grow as the amount of N6 increases.
Such increase in the size of the crystals seems to bring
down the orientation of chain molecules in PP crystals. 

As noted from the results in Table 3, with increase
in the amount of N6, the orientation factor of amor-
phous regions in the blend filaments fam increased.  An
increase in the take-up speed and draw ratio also led to
significant increase in the orientation factor for amor-
phous regions.  It is interesting to note that amorphous
orientation factor fam is quite high (> 0.7) for materials
that were drawn and in two instances (75/20/5), the
value approached unity which is expected of a perfect-
ly oriented structure.   

Next we estimated the values of fam for two com-
ponents. For this, we assumed that the birefringence of
the neat N6 was 0.03 for undrawn and 0.055 for drawn
filaments. These values were taken from the information
in the literature [27].  Additionally, it was considered
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Table 3. Orientation factor of amorphous regions calculated

by different methods.

Sample code

PP/N6/PP-g-MAH
f am fam,PP fam,N6

300 m/min

A1 (PP)

A2 (90/10)

A3 (85/10/5)

A4 (75/20/5)

0.152

0.146

0.166

0.289

0.152

0.064

0.062

0.099

-

0.044

0.042

0.082

800 m/min

A5 (PP)

A6 (90/10)

A7 (85/10/5)

A8 (75/20/5)

0.449

0.446

0.484

0.542

0.449 

0.394

0.398

0.396

-

0.016

0.018

0.032

300 m/min, DR = 3.5

A9 (PP)

A10 (90/10)

A11 (85/10/5)

A12 (75/20/5)

0.789

0.746

0.855

0.982

0.789

0.617

0.676

0.667

0

0.0311

0.0278

0.0994

800 m/min, DR = 2.0

A13 (PP)

A14 (90/10

A15 (85/10/5)

A16 (75/20/5)

0.799

0.762

0.833

0.979

0.800

0.647

0.652

0.591

0

-0.0049

0.0172

-0.0250

ooo

6N,c6Npp,cppc nwnwn ∆×+∆×=∆ (11)

ooo

6N,am6Npp,amppam nwnwn ∆×+∆×=∆ (12)

6N,c6NPP,cPPc fwfwf ×+×= (13)

6N,c6NPP,cPPc ww χ×+χ×=χ (14)

oo

amamccccalloy nf)1(nfn ∆χ−+∆χ=∆ (15)
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that the contributions by ∆n of PP and N6 to that of the
blend filament depended on the mass fractions of PP
and N6. We assumed that the mass fraction of PP
included the mass fraction of the compatibilizer in the
material. Using this concept (eqn 16), we calculated
birefringence of PP, and then orientation factors of the
amorphous areas of PP and N6 from equations 17 and 18.

Saito and Innoue [31] used similar approach (eqn 19)
to estimate composition of miscible polymers where
positive and negative birefringences cancel out and
result in a birefringence-free mixture.

where, ∆ni
o, fi, φi, and ∆nf are the intrinsic birefringence

of i polymer, the orientation factor, the volume fraction,
and the form birefringence, respectively which is
assumed to be zero for the miscible blend.

The results from this method for the non-compati-
ble pair of polymer namely polypropylene and nylon 6
show that with an increase in the fraction of N6, com-
pare to neat PP fibre fam,PP decreased. Since the orien-
tation factors for the crystalline and amorphous regions
of N6 are generally very low, the values of fam (eqn 15)
and fam,PP come out to be reasonably  close.  Accord-
ingly, most of the force generated in drawing or spin-
ning is borne by PP which implies that the behaviour of
the blend filaments of this study is similar to those of
the iso-strain systems.

CONCLUSION

We have investigated the effects of the composition

and the interfacial adhesion, provided by a compatibi-
lizer, on structural properties of PP/N6 blend filaments
made by melt spinning.  Such information is valuable
since polymers are being increasingly blended to pro-
duce shaped products with the goal of obtaining prop-
erties not available in neat materials.  The properties
considered were the degree of crystallinity and the
crystalline and amorphous orientations, among the
structural. Classical methods were used for estimating
the values of the amorphous orientation factors for PP
and N6.  The assumption used was the contributions of
PP and N6 on birefringence of blend that depended on
the weight fractions of the two components.  With
increase in the fraction of N6 in the filaments, the crys-
talline orientation (fc) decreased for PP but increased
for N6.  Both of these orientations increased with spin-
ning speed and draw ratio, as expected.  Likewise (110)
crystal size of PP phase increased with increase in N6
fraction, spinning speed, and draw ratio.  The effect of
the presence of N6 on the amorphous orientation of PP
(fam,PP) was different form what noted above for  fc,PP.
The values of fam,PP compare to neat PP fibre
decreased with increase in fraction of N6.

The value of fam,N6 of N6 was itself very small.
Accordingly the amorphous orientation of blend, i.e.,
fam was mostly made up of the orientation of the PP
molecules. Thus, except a negative change noted in the
crystalline orientation of PP phase (Table 2), all other
changes in molecular structure resulting from     incor-
poration of N6 molecules were positive. These includ-
ed changes in the overall birefringence, ∆n, the amor-
phous orientation, fam, crystallinity (%), and the size of
PP crystals.  
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