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ABSTRACT: The binary blend compatibility of polyamide 6 (PA6) with poly(vinyl alcohol) (PVOH), poly-
(vinyl acetate) (PVAC), and partially hydrolyzed PVAC was studied for a wide range of compositions, by
atomistic and mesoscopic modeling. The Flory-Huggins interaction parameter ø, calculated for these
mixtures by atomistic modeling, showed that favorable interactions develop for PVAC with a low hydrolysis
degree for a specific composition and also for compositions rich in either component. The effect of the
PVAC hydrolysis degree on the mixture compatibility was explained in terms of the reduced ability of
the acetylated chains to form hydrogen bonds, which in turn, may result in weaker intramolecular
interactions. Such an effect may also be due to the more extended conformations assumed by these chains
because of the bulky side groups. Calculations at high temperature gave small negative ø parameters, in
good agreement with results reported by others. The ø and other structure-dependent parameters, derived
from the atomistic level, were supplied to coarse-grained (mesoscopic) simulations. The length and time
scales spanned by these simulations were relevant to real application scales. The kinetics of phase
separation were examined via the structure factor and the growth rate of the domain size. Larger domain
sizes were observed for the less hydrolyzed mixtures due to smaller ø parameters which implied higher
temperature simulations for these mixtures. The exponent of the domain growth for the symmetric 1/1
and asymmetric 2/1 mixtures was found in the range 0.2-0.28 irrespective of time step. At equilibrium,
the degree of order of the phases formed was extracted. This was found to decrease as the hydrolysis
degree of PVAC decreased for a specific composition, indicating improved compatibility, in line with
internal experimental findings and with results reported in the literature. The incompatible mixtures
showed macrophase separation with a wide density spectrum. Compatibility was obtained for all PVAC/
PA6 mixtures and also for the mixture of PVAC with 75% degree of hydrolysis for the composition 1/3
v/v, rich in PA6.

1. Introduction
The blending of different polymers has been widely

used for obtaining products with desirable properties
which are not necessarily possessed by one single
polymer. The process of simple blending is attractive
for industrial applications due to the low cost associated
with the process, compared to the chemical modification
(e.g., grafting) of existing polymers or the synthesis of
new ones. However, readily miscible polymer mixtures
are seldom obtained. The entropy of mixing is very small
for long polymers, and thus favorable energetic interac-
tions (hydrogen bonding, dipole interactions) between
the different components are needed in order to avoid
phase separation. In the case of copolymers with chemi-
cally distinct monomer units, the chemical bonds restrict
the macroscopic separation. This leads to the formation
of microscopic patterns of typical size 10-100 nm. The
knowledge of the morphology formed by microscopically
separated copolymer melts is important for the deter-
mination of the suitability of the final product for a
specific application. Mean field theories and molecular
simulation have proven to be valuable tools for studying
the phase behavior of polymer systems and provide a
reliable and fast means to screening candidate mixtures
for a given application.

The self-consistent mean field theory1-5 (SCFT) has
led to significant advances in the microphase separation
study of (mainly) diblock (the whole phase diagram has
been calculated in good agreement with experimental
results) and triblock copolymers. The whole range from

weak to strong segregation limit has been investigated.
The molecular parameters involved are the “incompat-
ibility parameter” øN, where ø is the Flory-Huggins
interaction parameter and N is the polymerization
degree, and the composition parameter f defined as fA
) NA/N, where NA is the number of A monomers. More
architectural parameters are required in order to ac-
count for block sequence and specific chain architecture.
In the context of SCFT the polymers are modeled as
Gaussian chains consisting of beads with equal statisti-
cal lengths, which interact via external fields that are
related to the monomer densities via self-consistent
equations. The problem consists of solving these equa-
tions for a presumed symmetry of the microstructure.
The ordered structure that gives the lowest free energy
is chosen to be the final morphology. Stable morpholo-
gies such as lamellae, hexagonal arrays of cylinders,
body-centered cubic spheres, close packed spheres,
bicontinuous phases, and their combinations in the case
of triblock copolymers have been found to be in good
agreement with experimental results.6,7

In contrast with the above type of “equilibrium”
theories, dynamic approaches permit the modeling of
morphology evolution in polymer systems during phase
separation. Mesoscopic dynamics8,9 (MesoDyn) and dis-
sipative particle dynamics10-12 (DPD) methods have
been developed over the past decade. Both approaches
treat the polymer chains in a coarse-grained (mesos-
copic) level by grouping atoms together up to the
persistence length of the polymers. This treatment can
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extend the length and time scales by many orders of
magnitude compared to the atomistic simulations. Me-
soDyn is a dynamic mean field density functional
theory. The phase separation dynamics are described
by Langevin-type equations for polymer diffusion and
thermal fluctuations are added as noise (random force).
The method has been applied with success to concen-
trated aqueous solutions of poly(ethylene oxide) - poly-
(polypropylene oxide) triblock copolymers13 (trademark
Pluronics). DPD is essentially a molecular dynamics
(MD) method with added noise, similar to Brownian
dynamics. In the DPD method the particles are subject
to conservative, dissipative, and random forces which
are calculated for pairs of neighboring particles. In
contrast to classical MD, the method employs soft
interaction potentials, as a natural consequence of the
coarse-grained representation, allowing large time scale
simulations. The time evolution of the system is found
by solving Newton’s equations of motion. The method
leads to a correct description of the Navier-Stokes
hydrodynamic behavior.10

In the present study, molecular simulations at both
the atomistic and mesoscopic level were conducted for
binary blends of polyamide 6 (PA6) and poly(vinyl
acetate) (PVAC) of different hydrolyzation degrees. PA6
has been a frequently used polymer for blending ap-
plications due to the good mechanical properties it
possesses. Several studies have appeared in the litera-
ture concerning the compatibility of polyamides with
polymers containing vinyl alcohol (VOH) monomer
units, which are capable of hydrogen-bond interactions.
However, blending these polymers poses difficulties
because of the tight intramolecular structure that they
develop due to hydrogen bonding. In ref 14 random
copolyamides were blended with PVOH and in refs 15
and 16 with poly(ethylene-co-vinyl alcohol). The random
copolyamides are expected to have an improved compat-
ibility by introducing a randomness in the intramolecu-
lar packing of the polyamide chains. Binary blends of
PA6 with poly(ethylene-co-vinyl alcohol) were studied
in ref 17 and with partially hydrolyzed PVAC in refs
18 and 19. More specifically, Ha et al.18 examined the
binary blend compatibility of PA6 with PVOH, partially
hydrolyzed PVAC (34% VOH groups) and PVAC, in
terms of melting temperature (Tm) depression and
scanning electron micrography (SEM). SEM micro-
graphs showed poor compatibility at the molecular level
for all mixtures and for compositions 50/50 w/w. A later
work of Koulouri and Kallitsis19 studied the binary
system of PA6 with PVOH and partially hydrolyzed
PVAC (88% VOH groups). Thermal properties (such as
Tm and glass transition temperature (Tg)) and mechan-
ical properties (such as loss modulus, ultimate stress,
and strain) were reported for a wide range of composi-
tions. Evidence of compatibility was reported for the
partially hydrolyzed PVAC mixtures for specific com-
positions.

The present study focused on binary blends of PA6
with PVOH, PVAC, and partially hydrolyzed PVAC
(88% and 75% VOH groups). The compatibility of these
blends was estimated by an approach that treated,
hierarchically, the different length and time scales
involved in the problem. First, molecular dynamics (MD)
simulations of oligomers of the above systems were
conducted at room temperature, and for a wide range
of compositions. The cohesive energy density of the pure
components and mixtures was calculated, and from

there the ø interaction parameter was derived as a
function of composition for the different blends. The ø
values indicated favorable interactions for specific mix-
tures. This was further related to the functional groups
of the chains by examining the ability of the various
polyvinyl chains to form hydrogen bonds and by inspect-
ing short scale conformational characteristics (dihedral
angles). The interaction parameters obtained from the
atomistic simulations along with other structure-de-
pendent (monomer number and length; characteristic
ratio) parameters were, subsequently, supplied into
mesoscopic simulations. The short scale characteristics
were, now, absorbed into large structureless beads. The
coarse-grained representation of the systems at this
level permitted the study of blends of high molecular
weight (MW) and for time scales that allowed the
observation of phase separation. The degree of order
(order parameter) of the phases formed was derived. The
results were compared qualitatively with results re-
ported in the literature and with internal experimental
findings.

In the following section are given the simulation
details. The system of interest is presented in section
2.1, the atomistic simulation details in section 2.2, and
the methodology and parametrization of the mesoscopic
simulations in section 2.3. The results of the atomistic
and mesoscopic simulations are discussed in section 3.
The conclusions are summarized in section 4.

2. Simulation Details

2.1. System. The systems under consideration were
binary blends of PA6 with PVOH, PVAC, and partially
hydrolyzed PVAC (h-PVAC). Two types of h-PVAC were
examined which contained 88% (h88-PVAC) and 75%
(h75-PVAC) VOH groups, respectively. Both are com-
mercially available. The binary blends of PVOH, h88-
PVAC, and h75-PVAC were studied at PA6 volume
fractions of 0.25(3/1), 0.32(2/1), 0.48(1/1), 0.66(1/2), and
0.75(1/3). The ratios in parentheses indicate the ap-
proximate volume proportions of PVOH (or h-PVAC)/
PA6. The PVAC mixtures were at PA6 volume fractions
of 0.35(2/1), 0.52(1/1), and 0.66(1/2). Note that the ratios
in parentheses are used for convenience and they may
correspond to volume fractions that are different from
those mentioned above. All simulations were conducted
at room temperature (T ) 298 K).

2.2. Atomistic Simulations. Initially, the bulk
phases were constructed with the Amorphous_Cell
program of InsightII version 4.0, developed by Molecular
Simulations Inc. (MSI). This program makes combined
use of an algorithm developed by Theodorou and Suter20

and the scanning method of Meirovitch.21 In the seminal
work of Theodorou and Suter, an amorphous phase of
a glassy polymer is created in two stages. The confor-
mations of the chains are assumed to resemble those of
the unperturbed (from excluded volume interactions)
chains that are found with significant probability in the
bulk. Thus, initially, a proposed structure can be gener-
ated by using the rotational isomeric state (RIS) theory
that describes the conformations of the unperturbed
chains. To avoid excessive overlaps between the chains,
modified conditional probabilities are used that account
for the nonbonded interactions between the atom to be
placed and the rest of the system. Subsequently, the
initial structures are minimized by turning on, progres-
sively, the potential energy interactions in a manner
such that the more severe overlaps are relaxed first
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(atom radii of half the actual size and no-rotational
barriers) and, gradually, the minimum is reached by
switching on the full potential (radii of actual size,
rotational barriers, and attractive interactions). In the
scanning method, all possible continuations of the
growing chain are taken into account in the calculation
of the conditional probabilities. In practice, the looka-
head is restricted to a few backbone bonds (here three
bonds were assumed).

After the initial construction, the amorphous phases
were checked for filling space regularly and for a good
“blending” of the different component chains. If in an
initial configuration the two component chains were not
well “mixed” (sufficient intermolecular contacts), then
the configuration was discarded and a new one was
attempted. In the case of irregular chain distribution
(“holes”, etc.), the initial configurations were refined by
short dynamics simulations (up to 20 ps), followed by
minimizations. The minimization procedure started
with the steepest descent algorithm (away from the
minimum) followed by the conjugate gradient algorithm
(as the minimum was approached), until the energy had
reached a minimum according to a predefined criterion
(the root-mean-square of the components of the potential
energy gradient was 0.1 kcal/mol/Å or less).

The interatomic interactions were modeled with the
COMPASS22 (condensed-phase optimized molecular po-
tentials for atomistic simulation studies) force field
(version 1.0) of MSI. This is an all-atom force field
optimized to predict structural, conformational, and
thermophysical condensed phase properties for the most
common organic (and inorganic) molecules, including
polymers. COMPASS is based on the PCFF (polymer
consistent force field) force field. The energy expression
comprises a combination of valence terms, including
diagonal and cross-coupling terms for bond stretching,
bond angle bending, and dihedral angle distortions, a
Coulombic term for the electrostatic interactions and a
Lennard-Jones 9-6 function for the van der Waals
interactions.

For the calculation of the nonbonded interactions the
cell multipole method23-25 was used. This recently
developed method has proven very efficient for the
simulation of big systems since it scales linearly with
the number of atoms N (compared to the cutoffs that
scale as N2) and requires modest memory. According to
the method the periodic box is divided into M cubic cells
with M ≈ N/4 (optimum choice25). For each cell, the cells
in the nearest neighborhood (26 cells for cubic systems)
contribute to the near-field potential and the others to
the far-field potential (short- and long-range interac-
tions). The potential describing each cell has a general
form that applies to both Coulombic and London disper-
sion interactions. The interactions between the atoms
in the near-field cells are calculated directly for each
pair of atoms. For the atoms in the far-field cells, the
interactions are computed via expansions of multipole
moments (charge, dipoles, quadrupoles, octopoles) around
the center of each cell. The Taylor coefficients of the
expansions are calculated only for each cell (and not for
each atom) since it is assumed that the interactions of
the atoms in the central cell with the far-field atoms
vary little from one atom position to another (compared
to the interactions between the near-field atoms). To
reduce further the time spent on the calculation of the
interactions due to the distant cells, a hierarchy of cells
is implemented which increases the size of cells as the

distance from the central cell increases (the cell size to
the distance ratio remains constant). Also, in the
multipole expansion, the octopole and/or quadrupole
terms can be neglected. In the present work, a second-
order multipole expansion was used (charges and di-
poles), which gives reasonable accuracy with low over-
head.

The amorphous phases contained oligomers of 16
monomer units for the PVOH, PVAC, and h-PVAC (32
backbone carbon atoms) and 6 monomer units for the
PA6 (36 backbone carbon atoms). The h-PVAC chains
were modeled as random sequences of VOH and VAC
repeat units, according to the desired percentage of VOH
groups (degree of hydrolysis). The density of each
mixture was estimated on the basis of the pure compo-
nent densities and by assuming volume additivity. The
densities of the pure PVOH, h88-PVAC, and h75-PVAC
were assumed to be the same and, along with the
density of PA6, were taken from ref 19 as F(PVOH) )
1.274 g/cm3 and F(PA6) ) 1.123 g/cm3. The notation of
ref 19 is kept here, although with PVOH these authors
mean the h88-PVAC. Their calculation was based on
the degree of crystallinity observed and the densities
of the amorphous (F(aPA6) ) 1.084 g/cm3, F(aPVOH) )
1.26 g/cm3) and crystalline polymers (F(cPA6) ) 1.23
g/cm3, F(cPVOH) ) 1.35 g/cm3). In the present work, the
same density was used for the three oligomers having
neighboring degrees of hydrolysis (100%, 88% and 75%).
The density of the pure PVAC was taken from ref 26 as
F(PVAC) ) 1.191 g/cm3. The system size was typically
1000-2000 atoms, which is usually sufficient for avoid-
ing finite size effects.22 The box length was between 21
and 25 Å.

All simulations were carried out at room temperature.
At this temperature, the oligomer chains were expected
to be in a “frozen-in” state, since the high MW com-
pounds are below their glass transition temperature.
The Tg’s of PA6, PVOH, and PVAC are 323-348, 343-
372, and 301 K, respectively.26 Thus, each system would
be confined to fluctuate in the vicinity of the energy
minimum where it is brought initially. To calculate the
properties of interest (mainly cohesive energy densities),
different initial configurations which sampled different
areas of the phase space (this was checked visually and
by the system energy) were generated for each system
and relaxed, as described above. For each configuration,
MD simulations under constant temperature and den-
sity (NVT ensemble), were conducted by using the
Discover3 program of InsightII, developed by MSI. The
temperature was controlled by direct velocity scaling.
The Verlet leapfrog algorithm was used for the integra-
tion of the equations of motion and the time step was
taken to be equal to 1 fs. Preliminary runs of 200-250
ps were carried out in order to bring the system to the
target temperature. At the end of these runs, the energy
of the system was monitored in order to ensure that it
fluctuated around an average value. This was consid-
ered as a criterion for having “equilibrated” the system
to the desired temperature. Main runs of 100 ps fol-
lowed, during which trajectories were stored, periodi-
cally, for later postprocessing. For each type of mixture
and composition studied, five to seven trajectories were
generated, starting from different initial configurations.
The mean values were estimated as arithmetic averages
over the configurations stored in each trajectory and
over all trajectories generated for each system. With this
method, thermal fluctuations were taken into account
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in contrast to the standard molecular mechanics where
averages are calculated over static minimum energy
configurations.20 This leads to more reliable estimates
of properties at the temperature of interest. It is noted,
however, that at the low temperature of examination,
the systems were not in thermodynamic equilibrium and
estimation of other properties such as pressure or
properties dependent on the relaxation of long range
conformational characteristics of the chains (radius of
gyration, end-to-end distance) would be unreliable.

2.3. Mesoscopic Simulations. 2.3.1. Method. The
phase separation dynamics at the mesoscopic level was
simulated by using the MesoDyn program incorporated
in the Cerius2 programs of MSI. The approach8,9 is a
dynamic variant of the mean-field density functional
theory. The theory underlying the methodology is
similar to the classical dynamic random phase ap-
proximation (RPA).27,28 The polymer chains are modeled
as ideal Gaussian chains consisting of beads. Each bead
represents a number of monomers of the real polymer,
equal to the characteristic ratio of the polymer (Kuhn
statistical segments). The nonideal interactions between
the chains are introduced by a mean field potential Fnid

which has the form

where FI(r) is the density of bead type I at r (local bead
concentration), and εIJ(r - r′) is a cohesive interaction
between beads I at r and J at r′, chosen to have a
Gaussian form

where R is the Gaussian bond length and εIJ
0 is the

constant cohesive interaction between beads I and J
which can be taken to be equal to the Flory-Huggins ø
parameter.

If additional external potentials UI(r) are coupled to
the Hamiltonian of the system in order to constrain the
density fields FI(r) to the observed densities FI

0(r), then
a free energy functional can be defined as

ψ is the distribution of the bead positions (configura-
tional distribution), H id is the Hamiltonian of a Gauss-
ian chain, and the term â-1 ψ ln ψ is the entropy of the
distribution. Tr is defined as 1/(n!Λ3nN) ∫ dr11 ... drnN,
where Λ is the de Broglie thermal wavelength, n the
number of chains, and N the number of beads per chain.
The last term in the above equation normalizes the
distribution ψ (λ is a Lagrange multiplier).

The minimization of the free energy with respect to
ψ leads to a configurational distribution that is deter-
mined by the external potentials UI(r). At every time
step, the distribution ψ is the one that minimizes the
free energy and constrains the density fields. In turn,
the density fields FI(r) are determined by ψ. This results
in the (important for the method) “bijectivity” concept,
that is a one to one relation between the external
potentials and the density fields.

When the system is away from equilibrium, the
density fields evolve according to Langevin-type sto-
chastic diffusion equations

The first term on the right-hand side is the diffusion
term. The gradient of the intrinsic chemical potentials
µI is the thermodynamic force that drives the system to
equilibrium. µ is derived from the differentiation of the
free energy (eq 3) with respect to the density. This, in
fact, results in a correlation between the chemical
potential, the external potential, and the nonideal mean-
field potential.9

MFI, in the above equation, are the kinetic coefficients
which are local and uncoupled. M is equal to âD, where
D is the bead diffusion coefficient. A more realistic
choice of the kinetic coefficients accounting for hydro-
dynamic interactions has been attempted by the same
group.29 In that work a modified Langevin equation was
introduced and Darcy’s law was used, which set the
particle velocities proportional to an average external
force.30

The second term on the right-hand side of eq 4 is the
random force (noise) added to the system. The physical
origin of this term is to deal with the fast degrees of
freedom (Brownian particle with a heat bath). The noise
satisfies the fluctuation-dissipation theorem.28 By as-
suming incompressibility for a two-component system,
i.e., ν-1 ) FI(r,t) + FJ(r,t), where ν is the molecular
volume, eq 4 is transformed into the following exchange
Langevin equations:9

The integration of the above equations is performed
on a cubic lattice using a Crank-Nicolson numerical
scheme.31

2.3.2. Parametrization. The polymer chains were
mapped onto Gaussian chains by demanding the mean
square end-to-end distance and the length of a fully
extended (all trans) chain be equal for the real and the
Gaussian chain. Thus, the number (Nb) and the length
(Rb) of the Gaussian chain segments were estimated by
the relationships

where Nmon is the polymerization degree, Rmon is the
monomer unit length, and C∞ is the characteristic ratio
of an infinite length chain.

The polymerization degree was determined by con-
sidering the following molecular weights: Mn(PVOH)
) Mn(h88-PVAC) ) Mn(h75-PVAC) ) 67000 g mol-1,19

Mn(PVAC) ) 64800 g mol-1,18 and Mn(PA6) ) 20600 g
mol-1.19 The C∞ values were estimated from the SYN-
THIA program of Cerius2. This semiempirical method,32

developed by Bicerano, uses connectivity indices to
describe the topology of the polymer. Four connectivity

dFI(r)
dt

) M∇FI(r,t)∇µI(r,t) + n (4)

dFI

dt
) Mν∇FIFJ∇[µI - µJ] + n (5)

dFJ

dt
) Mν∇FIFJ∇[µJ - µI] - n (6)

Nb )
Nmon

C∞
(7)

Rb ) RmonC∞ (8)

Fnid[F] )
1

2
∑
IJ

∫V∫V
εIJ(r - r′)FI(r)FJ(r′) dr dr′ (1)

εIJ(r - r′) ) εIJ
0 ( 3

2πR2)3/2
e-(3/2R2)(r-r′)2

(2)

F [ψ] ) Tr(ψH id + â-1ψ ln ψ) +

∑
I
∫V

UI(r) [FI[ψ](r) - FI
0(r)] dr + Fnid[F0] +

λ[Tr ψ - 1] (3)
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indices are calculated, i.e., two atomic indices which are
defined by the bonding and electronic environment of
each non-hydrogen atom in a chain, and two bonding
indices given in terms of the atomic indices. The
properties are then derived from correlations of the
connectivity indices. The C∞ values for the hydrolyzed
PVAC chains were estimated by considering random
copolymers of VOH and VAC monomer units, at specific
ratios. The C∞ estimates for the PVOH, h88-PVAC, h75-
PVAC, PVAC, and PA6 were found to be 6.86, 7.0, 7.19,
8.65, and 6.06, respectively. The monomer unit lengths
of the polyvinyl chains were all taken to be 2.67 Å and
the PA6 monomer unit length was taken as 8.99 Å.

In the present parametrization, the partially hydro-
lyzed PVAC chains which, in reality, constitute statisti-
cal copolymers of VOH and VAC units, were modeled
as pseudo-homopolymer chains with all sites on a chain
having the same size and interactions with sites on
other chains. The influence of the same size approxima-
tion is marginal because of the similar size (monomer
unit length) and characteristic ratio of the VOH and
VAC repeat units. In terms of interactions, a mean
energetic parameter was assigned at each site of a
pseudo-homopolymer chain. This was the ø parameter
taken from the detailed atomistic simulations conducted
for each binary blend at each composition (section 2.2).
Alternatively one could model the hydrolyzed chains as
statistical copolymers and assign at each VOH or VAC
site the interaction energy calculated for the PVOH/PA6
and PVAC/PA6 blends, respectively (see also Table 1).
However, preliminary calculations of the number of
Gaussian beads needed to represent each type of
monomer for the h88-PVAC chains yielded a ratio of 1.5
VAC per 25 VOH beads. Thus, in such a model the
compatibilizing effect of the VAC units would be un-
noticeable.

The Nb and Rb of the Gaussian chains were calculated
from eqs 7 and 8. These initial estimates were scaled
in order to result into shorter chains with corresponding
longer Gaussian bond lengths, i.e., N beads of length X
where scaled to N/n beads with length nX, where n can
be any integer that brings the number of beads down
to a reasonable value (the computational time scales
linearly with the number of beads). In the currently
used program, only one Rb could be defined for each
binary blend, and this was taken to be the arithmetic
mean value of the bond lengths calculated for each
polymer. This was a drastic approximation for the
blends under consideration because of the different size
of the polyvinyl and polyamide repeat units. To com-
pensate for this innacuracy the number of beads for each
polymer was further scaled (multiplied or divided) by
the same factor the corresponding bond length was
brought to the average value. The resulting estimates
for the Nb of PVOH, h88-PVAC, h75-PVAC, and PA6
(in their binary mixtures) were 28, 25, 23, and 11,
respectively. The average Rb for the above mixtures was

taken equal to 14.6 nm. For the PVAC/PA6 binary blend
the Nb estimates were 17 and 14, respectively, while the
Rb was set to 11.6 nm. In all cases, the bond lengths
were well above the persistence length of the polymers.

The ø interaction parameters (Table 1) were calcu-
lated from atomistic simulations as described previ-
ously. These values characterized the nonideal interac-
tions between the statistical segments (beads). Since the
number of beads was scaled, the ø had to be scaled
accordingly in order to result in a constant øNb. For
block copolymers it has been shown that the product
øNb drives the phase separation.1-5 The scaled ø (ε0) in
units of KJ/mol are also given in Table 1.

The time step of the simulations was chosen so that
a dimensionless time step τ used by the program was
between 0 and 1 for numerical stability. This was
defined as τ ) â-1Mh2t, where h is the cell size having
an optimal value of 0.1543R, where R is the bond
length.9 Thus, the time step for the PVAC/PA6 mixture
was chosen as 1.4 µs and for the rest of the systems as
2.4 µs. Another input parameter was the so-called size
expansion parameter Ω ) ν-1h3, where ν is the molec-
ular volume (see 2.3.1). This parameter gives the
number of beads at each cell and, thus, determines the
influence of the noise. If it is chosen too low the noise
level is high and the system is unstable, if it is too high
the system freezes. Here, it was set equal to 100, a value
that has been applied to short chains with long statisti-
cal units.9 The distribution of the noise was taken to be
uniform. For the integration of the dynamic equations
(eqs 5 and 6) the periodic box was divided into 32 × 32
× 32 cells. The periodic box for the PVAC/PA6 mixture
measured around 323 nm at each side, and for the other
mixtures 406 nm.

3. Results and Discussion

3.1. Atomistic Simulations. As a first step, the
ability of the force field to predict the cohesive properties
of the systems under consideration, was examined.
Atomistic NVT simulations were performed for homolo-
gous series of pure PVOH, PVAC, and PA6. The densi-
ties of the pure component phases are given in Table 2.
They were assumed independent of chain length and
equal to the densities of the high MW homologues. From
the NVT simulations the cohesive energy density (ced)

Table 1. Binary Mixture Interaction Parameter ø Estimated from MD Simulations for Specific Compositionsa

ø ε0

binary blend 3/1 2/1 1/1 1/2 1/3 3/1 2/1 1/1 1/2 1/3

PVOH/PA6 0.3611 0.3911 0.429 0.2911 0.256 5.76 6.16 6.66 4.64 3.95
h88-PVAC/PA6 0.1211 0.1912 0.2312 0.1710 0.108 1.85 2.93 3.54 2.57 1.63
h75-PVAC/PA6 0.087 0.1411 0.148 0.1011 0.038 1.24 2.00 2.05 1.52 0.41
PVAC/PA6 0.016 0.027 0.016 0.12 0.19 0.12
a All values refer to T ) 298 K. Scaled interaction parameter ε0 in kJ/mol.

Table 2. Solubility Parameter (δcalc) of High Molecular
Weight PVOH, PVAC, and PA6 Estimated from

Extrapolation of Data Obtained from Atomistic NVT
Simulations of Oligomers, at Temperature T ) 298 K and

Density Ga

F (g/cm3) δcalc δexp
26

PVOH 1.274 27.0 25.8-29.1
PVAC 1.191 17.7 19.1-22.6
PA6 1.123 24.7 22.5

a Experimental values (δexp) are shown for comparison. δ is
expressed in (J/cm3)1/2.
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was calculated as the mean total potential energy of
intermolecular interactions. For each oligomer, the
mean ced resulted as the arithmetic average of the ced
values obtained from NVT simulations of different
initial configurations, as described in section 2.2. In
Figure 1 is plotted the square of the solubility parameter
δ(ced) vs the reciprocal MW of the oligomers. As has
been shown for other systems,22 the extrapolation to
infinite MW yields estimates that can be compared well
with experimental solubility parameters of high poly-
mers, given an appropriate force field. The values
estimated from extrapolation are shown in Table 2,
along with experimental data26 for comparison. The
agreement is fairly good in all cases. The estimation for
PVOH was within the range of experimental values. The
δ of PVAC was underestimated by 7% with respect to
the lower value of the experimental range, while for PA6
it was overestimated by 9%.

An amorphous cell of a h88-PVAC/PA6 mixture at 1/1
composition is shown in Figure 2 as a typical example
of the systems studied. The system contains 1324 atoms.
The PA6 and the h88-PVAC chains are colored black
and white, respectively. Grey shading is used to show
the VAC groups on the polyvinyl chains. The hydrogens
have been omitted for clarity. The tendency of the
polymers to mix at a specific composition was estimated
via the cohesive energies of the mixtures and the pure
components. These are shown in Figure 3 as a function
of the PA6 volume fraction. In all cases the values
referring to blends were between the pure component
values. For the h75-PVAC/PA6 blend, the above was
valid within the error bars. Subsequently, the ø param-
eters were estimated as

where Vmon is a monomer unit volume. Here, it was
taken arbitrarily equal to the smaller monomer volume
for each blend. For the blends of PVAC/PA6 it was Vmon
) 72.3 cm3/mol and for the other mixtures Vmon ) 35
cm3/mol.19 ∆Emix for a binary mixture is defined as33

where φ is the volume fraction and the indices pure and
mix denote that the cohesive energy densities in paren-

theses refer to the pure components and to the binary
mixture, respectively. ø as a function of the PA6 volume
fraction is shown in Figure 4. The relatively large error
bars are probably due to the higher number of trajec-
tories required for estimating averages at such a low
temperature. The convex curves drawn through the ø
values show maxima around the 1/1 composition. This,
presumably, results from the higher number of unfavor-
able (unlike) contacts between the two components since
at this composition masses of equal volume of the two
components are brought into contact. The ø values for
the hydrolyzed PVAC mixtures were found between
those of the PVOH and PVAC mixtures for a given
composition. The higher ø parameters (lower compat-
ibility) were observed for the PVOH mixtures. The
insertion of VAC monomer units along the PVOH chains
had a notable effect in decreasing the cohesive energy
densities of the pure phases and mixtures with respect
to the pure phase of PVOH and its mixtures (Figure 3)
and consequently the Flory-Huggins parameters (Fig-

Figure 1. Square of the solubility parameter as a function of
the reciprocal molecular weight of pure PVOH (circles), PA6
(squares), amd PVAC (triangles). The dotted lines indicate the
extrapolation to infinite molecular weight.

ø ) (∆Emix

RT ) Vmon (9)

∆Emix ) φ1 (Ecoh

V )
pure1

+ φ2 (Ecoh

V )
pure2

- (Ecoh

V )
mix

(10)

Figure 2. Amorphous cell of a h88-PVAC/PA6 mixture at 1/1
composition. The PA6 and the h88-PVAC chains are colored
black and white, respectively. The light gray beads are the
VAC groups of the h88-PVAC chains. Hydrogens are not shown
for clarity.

Figure 3. Cohesive energy density as a function of the PA6
volume fraction for the pure phases and mixtures of PVOH
(circles), h88-PVAC (squares), h75-PVAC (filled triangles), and
PVAC (open triangles).
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ure 4). It is, thus, deduced that as the number of VAC
units in the backbone of PVOH chains increases the
compatibility with the PA6 chains improves.

As depicted in Figure 4, the average values of ø are
above zero in all cases with the lower values corre-
sponding to the PVAC mixtures, for which they are very
close to zero. These results conform with the observa-
tions reported in the literature that these mixtures do
not develop particularly attractive interactions. Accord-
ing to refs 18 and 19, the ø for the h88-PVAC/PA6
mixture at T ) 221 °C was estimated as -0.05 and in
the range -0.027 to -0.055, respectively. These calcula-
tions were based on the simplified Nishi-Wang equa-
tion,34 which correlates the ø with melting temperature
data for the pure component and the blend, and the heat
of fusion of the crystallizable component. In the present
study, preliminary calculations at high temperature (T
) 221 °C) gave for the mixture h88-PVAC/PA6 with
composition 1/1 a value of ø equal to -0.06, in very good
agreement with the above findings. For the mixture
PVAC/PA6 with composition 1/1, the ø at the above
temperature was estimated as -0.015. A detailed study
of these blends at high temperature was beyond the
scope of this work. However, it is evident that ø
decreases as temperature rises, revealing increased
compatibility. The small negative values of ø indicate
limited compatibility for these mixtures.

To gain insight into how the chemical constitution of
the polyvinyl chains affected the ø parameters, the
ability of the different polyvinyl chains to form hydrogen
bonds was examined. The intra- and intermolecular
hydrogen bonds between the polyvinyl chains were
measured by using the Viewer module of InsightII. The
hydrogen bonds were bound to satisfy two criteria,
namely that the distance between the proton on the
donor atom and the acceptor atom should be less than
a specified distance and that the angle formed between
the donor, the proton, and the acceptor atom should be
greater than 120°. Figure 5 depicts the fraction of total
hydrogen bonds formed between the polyvinyl chains
over the available sites for hydrogen bonding divided
by two (since one bond involves two sites) as a function
of the PA6 volume fraction in the PVOH, h88-PVAC,
and h75-PVAC mixtures. For the results shown in
Figure 5, the PA6 chains were subtracted from each
system and only the hydrogen bonds formed by the
polyvinyl chains were measured. For each VOH or VAC

monomer unit, one site for hydrogen bonding was
assumed (for the VAC monomer unit the oxygen at-
tached to the backbone is much less available to form a
hydrogen bond). It is mentioned that, for different types
of mixtures, the number of available sites for hydrogen
bonding was the same at the same composition. Figure
5 merely depicts the fact that, for each composition, as
the number of VAC monomer units increases (going
downward from PVOH to h88-PVAC and h75-PVAC)
the ability of the chains to form hydrogen bonds
decreases. This could result in less attractive intramo-
lecular interactions between the vinyl chains and, thus,
favor compatibility with the PA6 chains in the order
PVOH < h88-PVAC < h75-PVAC. In the course of one
series, the data seem to fall on a line with a small
negative slope. This could simply be attributed to a
decreased number of polyvinyl chains in the direction
of higher PA6 composition.

It is noted, here, that calculation of the average
hydrogen bonds between the different components in the
above mixtures yielded unreliable results with big noise.
No specific trend was found for the intermolecular
hydrogen bonds with respect to the composition or the
hydrolysis degree of the PVAC chains. This is probably
due to the low temperature of examination, where the
number of contacts between the different components
depends on the initial distribution of the chains in the
amorphous phase (initial mixing).

Furthermore, the dihedral distribution of the polyvi-
nyl chains was calculated for the PVOH, h88-PVAC, and
h75-PVAC mixtures for the compositions 2/1 and 1/2.
Only the dihedral angles formed by the backbone carbon
atoms were considered in this calculation. The estima-
tion of the average population in the trans, gauche+,
and gauche- states was performed by integration of the
area under the dihedral distribution curves (not shown
here) for each trajectory and averaging over all trajec-
tories created for a specific composition. The conforma-
tions of the VAC-containing chains were expected to be
more extended compared to the PVOH chains because
of the bulky pendant groups of the VAC monomer units.
Indeed, it was found that for the mixture 2/1 the average
population in the trans state was around 55 ( 7%, 61
( 5%, and 67 ( 4%, for the PVOH, h88-PVAC, and h75-
PVAC mixtures, respectively. Similarly, the correspond-
ing values for the 1/2 composition were 55 ( 5%, 64 (
6%, and 70 ( 6%. These observations corroborate the

Figure 4. Flory-Huggins interaction parameter ø as a
function of the PA6 volume fraction for the binary blends of
PVOH (circles), h88-PVAC (squares), h75-PVAC (filled tri-
angles), and PVAC (open triangles). The large error bars are
attributed to the large number of trajectories required for the
estimation of mean values at low temperature.

Figure 5. Fraction of total hydrogen bonds between the
polyvinyl chains over the available sites on these chains for
hydrogen bonding divided by 2, as a function of the PA6
volume fraction in the PVOH (circles), h88-PVAC (squares),
and h75-PVAC (triangles) mixtures.
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assumption of a more open intramolecular structure of
the acetylated chains.

3.2. Mesoscopic Simulations. At the mesoscopic
level, the model Gaussian chains stood for high MW
polymers. The representation was coarse-grained and
the atomistic details were accounted for, implicitly, in
the size and interaction parameters of the Gaussian
chains (section 2.3.2). After setting up the initial
configurations, the systems were let to evolve toward
equilibrium (phase separation or mixing). More specif-
ically, the initially homogeneous phases (one phase
region in the phase diagram) were cooled (in the two
phase region) by turning on the interactions at time t
) 0. The kinetics of phase separation were examined
first and then the mixture compatibility was deduced
from the final equilibrium morphologies.

A. Kinetics. A common practice in the study of the
kinetics of phase separation is the calculation of the
structure factor S(q,t) (q is the scattering vector equal
to (4π/λ) sin(θ/2), where λ and θ are the wavelength of
light and the scattering angle, respectively), at regular
time intervals. This was calculated as the angle-aver-
aged square modulus of the Fourier transform of a
density field FI(r,t). An example is given in Figure 6
where the amplitude is plotted vs q for the PVOH
component of the PVOH/PA6 mixture (top) and the h75-
PVAC/PA6 mixture (bottom), both at composition 2/1
after 500, 4000, and 8000 time steps. The amplitude
increases and sharpens with time and the maximum
peak moves toward smaller q as the size of the domains
increases. The two systems in Figure 6 differ only in
the ø interaction parameter and consequently in the
temperature of the quench; i.e., the h75-PVAC mixture
is cooled to a higher temperature compared to the
PVOH/PA6 mixture since the ø of the former is lower
(see Table 1 and Figure 4) and ø ∼ T-1. If the amplitudes
and the corresponding wavelengths of Figure 6 are
compared for the two systems at the same time step, it
can be seen that the amplitude of the h75-PVAC
mixture is higher and it is displaced toward smaller q,
indicating a larger domain size due to thermal fluctua-
tions.

The kinetics of domain growth are usually described
by the time evolution of the domain size R(t) which is
defined as the inverse of the mean of q weighted by the
S(q,t)

It has been shown that R(t) grows as tR where the
exponent R takes distinct values depending on the stage
of the phase separation (early, intermediate, or late
stage), and the composition of the mixture (symmetric
and asymmetric quenches). For a binary fluid the
exponent at early times is 1/3 and crosses over to 2/3 or
1 at later times when hydrodynamic effects become
important (Lifshitz-Slyozov35). In Figure 7 is plotted
the log R(t) vs log t for the polyvinyl phase of the PVOH,
h88-PVAC, and h75-PVAC mixtures at compositions 1/1
(top) and 2/1 (bottom). Because of the absence of
hydrodynamic modes in the current mesoscopic model,
the crossover is not observed, instead all the simulation
points fall in a straight line. A line with slope equal to
1/3 has been drawn for comparison. This value is
generally reported for spinodal decomposition via a

diffusion mechanism.36 For the systems under consid-
eration the actual slopes ranged from 0.2 to 0.22 for the
composition 1/1 and from 0.2 to 0.28 for the composition
2/1. The slightly higher slope in the case of the 2/1
mixture might be due to the fact that the polyvinyl
chains are now the majority phase. In all cases the
domain size R(t) seems to decrease by increasing the
hydrolysis degree of the polyvinyl chains. As discussed
previously, a high hydrolysis degree correspondsto a
more deep quench since the ø parameter is larger. Thus,
for a specific time step the domain size is smaller for
the more hydrolyzed mixtures, or in other words for
quenches at lower temperatures.

B. Compatibility. For each type of bead and for each
system, an average order parameter P was calculated
as the deviation from the mean bead density at homo-
geneity13

where θ is a dimensionless density (volume fraction),
and the index 0 denotes average values at homogeneity.

R(t) )
∫ dq S(q,t)

∫ dqq S(q,t)
(11)

Figure 6. Structure factor of the polyvinyl chains vs the
wavelength for the PVOH/PA6 mixture (top) and the h75-
PVAC/PA6 mixture (bottom) both at composition 2/1, after 500
(open circles), 4000 (filled triangles), and 8000 (open triangles)
time steps.

Figure 7. The log of the domain size R(t) vs log t for the
compositions 1/1 (top) and 2/1 (bottom) of the h75-PVAC/PA6
(open circles), h88-PVAC/PA6 (open triangles), and PVOH/PA6
(filled triangles) mixtures. A line with slope 1/3 has been drawn
for comparison.

PI ) 1
V∫V

[θ I
2(r) - θ I,0

2 ] dr (12)
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The order parameter P of the polyvinyl chains as a
function of PA6 volume fraction for all binary blends
considered here, is shown in Figure 8. P decreases in
the same order as ø, i.e., toward a low PVAC hydrolysis
degree for a given composition, and for compositions rich
in either component. A decrease in P indicates better
compatibility, or miscibility at shorter length scales, as
the polymer phases mix more randomly. Blends with P
values exceeding 0.1 gave macrophase separation. As
an example of a macroscopically separated mixture in
Figure 9, parts a and b are shown the density profiles
of the h88-PVAC/PA6 mixture at composition 1/2 after
1000 and 5000 time steps (2400 and 12000 µs), respec-
tively. Slices of the density profile at three faces of the
periodic box are shown. The periodic boundary condi-
tions are evident in these figures. In the case of phase
separation the density spectrum is very broad. In all
blends with P higher than 0.1, the density range that
each component spanned was between 0 and 1. In
Figure 9, parts a and b, the gray color corresponds to
areas which contain only PA6 (FPA6 ) 1) while the black
areas correspond to the other component (FPA6 ) 0). The
zones of lighter shading constitute the interfaces which
are occupied by both components. The size of these
interfaces was measured between 10 and 30 nm, which
corresponds to one or two cells. The phase separation
proceeds via the diffusion of components through the
interfaces. In Figure 9a, the phase separation has
already started and interconnected zones appear while
others remain dispersed in the PA6 phase. In Figure
9b, the phase separation is complete.

Parts a and b of Figure 10 show the evolution of the
density profile of the h75-PVAC/PA6 mixture at com-
position 3/1 after 2000 and 16000 time steps (4800 and
38400 µs), respectively. The color notation is the same
as in Figure 9. The order parameter of the h75-PVAC
phase is around 0.1 (Figure 8). The density spectrum is
as broad as before but in this case the phases formed
by the PA6 chains (gray color) remain dispersed in the
h75-PVAC phase, even after a long simulation time
(Figure 10b). This is probably due to the low concentra-
tion of the PA6 chains in the mixture along with a small
interaction parameter. The morphology in Figure 10,
parts a and b, is reminiscent of the nucleation and
growth mechanism during polymer phase separation.37

The inclusion of hydrodynamics would facilitate the
process of diffusion and coalescence of the phases and,
thus, would help the system to find the right final

morphology. Hydrodynamics has proven to be impor-
tant, especially in the late stages of phase separation
where the phases formed act as a barrier to further
diffusion.38

For all PVAC/PA6 blends and the h75-PVAC/PA6
mixture at composition 1/3, the order parameter of the
polyvinyl phase was close to zero. For these systems,
the density of the components varied around the aver-
age value at homogeneity. The range of this variation
becomes narrower as the interaction parameter becomes
smaller. This can be understood in terms of the higher
affinity between the components which, in turn, facili-
tates mixing in shorter length scales. Here, all ø
parameters were above zero, and the variation of the
density of each component around the mean value was
approximately 21%.

The results reported herein are in line with internal
experimental findings and with results reported in the
literature. Transmission electron microscopy (TEM)
measurements were conducted in our lab39 for the
PVOH/PA6 and h88-PVAC/PA6 mixtures, at composi-
tion 1/3. The polymer blend samples were prepared by
treatment with OsO4 in an aqueous phase. The OsO4
marked selectively the polyvinyl phase, which can be
observed clearly in Figure 11, parts a and b, for the
PVOH and h88-PVAC mixtures, respectively. A length
scale is given at the bottom of these pictures. In the case
of the h88-PVAC mixture, the black nodules, which

Figure 8. Mesophase order parameter P as a function of the
PA6 volume fraction in the PVOH (circles), h88-PVAC (squares),
h75-PVAC (filled triangles), and PVAC (open triangles) mix-
tures.

Figure 9. PA6 density profile slices, on three sides of the
periodic box, for the h88-PVAC/PA6 mixture at composition
1/2. The gray color areas contain pure PA6 (FPA6 ) 1), the black
color areas contain the other component, and the light shading
corresponds to the interface between them. Key: (a) snapshot
after 1000 and (b) 5000 time steps, where the phase separation
is complete.

5314 Spyriouni and Vergelati Macromolecules, Vol. 34, No. 15, 2001



correspond to the polyvinyl phase, show an uneven
distribution in the PA6 matrix. There are areas where
the polyvinyl phase is dissolved in the PA6 matrix and
others where the size of the nodules vary from 1 µm to
some submicrometer values. Compared with the PVOH
mixture where the nodules are even larger (the scale of
observation is double), it becomes evident that the
compatibility with PA6 is improved in the case of the
h88-PVAC mixture. The size of the simulation box
(around 0.4 µm at each side) permits a direct comparison
with the TEM pictures in the case of the h88-PVAC
mixture, whereas for the PVOH mixture the simulation
is outside the length scale of TEM. Qualitatively, it can
be said that the better mixing of PA6 with h88-PVAC
observed by TEM is predicted here by a decrease in the
ø parameter and a consequent decrease in the order
parameter of this mixture with respect to the PVOH
mixture at the same composition.

The incompatibility predicted for the PVOH/PA6
mixture compares well, also, with the results reported
in ref 19. In the latter work, this type of mixture was
found to be incompatible by revealing poor mechanical
properties. In the same work, the data of Tg vs composi-
tion for the h88-PVAC/PA6 mixture, were approximated
by an S-shaped curve. The parameters of this curve, that
were determined by fitting to an empirical equation40

were previously reported for block copolymer systems
with strong tendency to segregate. However, in the same

work, this type of mixture, at compositions rich in PA6,
was shown to have better mechanical properties with
respect to the PVOH mixtures, indicating improved
compatibility.

Furthermore, it was shown here, that higher acetyl-
ation of the PVOH chains (h75-PVAC) resulted in a
decrease of the order parameter and miscibility was
obtained for the mixture of composition 1/3, rich in PA6.
It can be, thus, concluded that the acetylation of the
PVOH chains facilitates mixing with PA6, especially for
compositions rich in PA6.

4. Conclusions
A hierarchical approach was presented for the study

of binary blend compatibility of PA6 with PVOH, PVAC,
and partially hydrolyzed PVAC, for a wide range of com-
positions, at T ) 298 K. The Flory-Huggins interaction
parameter ø for oligomers of the above systems was
derived as a function of composition, from MD atomistic
simulations. For all mixtures, the highest ø were

Figure 10. PA6 density profile slices for the h75-PVAC/PA6
mixture at composition 3/1, after (a) 2000 and (b) 16000 time
steps. The notation of the colors is the same as in Figure 9.

Figure 11. TEM pictures for (a) the PVOH/PA6 mixture and
(b) the h88-PVAC/PA6 mixture, at composition 1/3. The
observed nodules correspond to the polyvinyl phase.
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observed for the 1/1 composition. The PVAC/PA6 mix-
tures had the smallest, close to zero, ø for all composi-
tions examined, while the highest values were obtained
for the PVOH/PA6 mixtures. The ø parameters for the
hydrolyzed PVAC/PA6 mixtures were found between the
two. Hence, on a ø basis, improved mixture compatibility
was predicted in the direction of increased content of
acetate groups (low hydrolysis degree) at a specific com-
position and for compositions rich in either component.
The influence of the hydrolysis degree on the mixture
compatibility was explained in terms of the reduced
ability of the acetylated chains to form intramolecular
hydrogen bonds and in terms of the bulky side groups
that resulted in more extended conformations (more
open structure) of these chains. Preliminary calculations
at high temperature (T ) 221 °C) gave for the mixture
h88-PVAC/PA6 with composition 1/1, a ø value equal
to -0.06 in agreement with values reported by oth-
ers.18,19 The small values of ø indicated that even at high
temperature the compatibility of these mixtures is
limited.

The cohesive interactions and other atomistically
derived parameters were supplied to coarse-grained
simulations. At these mesoscopic simulations, the dy-
namic evolution of phase separation of high MW blends
was observed over time scales on the order of some
microseconds. The structure factor and the rate of
domain growth were examined as a function of hydroly-
sis degree. It was found that for mixtures of the same
composition the domain size at a specific time step was
smaller for mixtures having a higher hydrolysis degree
and consequently higher ø interaction parameter (quench
at lower temperature). The exponent of the domain
growth was found to vary between 0.2 and 0.28 com-
pared to the value 1/3 that is predicted for spinodal
decomposition via diffusion. In terms of compatibility,
only mixtures having very small, close to zero, ø
parameters were found compatible. This is explained
by the negligible entropy that high polymers gain upon
mixing and the consequent need for very favorable
interactions in order to mix. The incompatible mixtures
gave macrophase separation with density profiles of
each component varying between 0 and 1. The order
parameter of the phases formed were shown to decrease
in the order PVOH < h88-PVAC < h75-PVAC < PVAC,
for a given composition, indicating that the acetylation
of the PVOH chains facilitates mixing with PA6. This
trend was found to compare well with internal TEM
measurements, and with results reported in the litera-
ture. The mixture of h75-PVAC for the composition
1/3-rich in PA6, and all the PVAC mixtures were found
compatible with order parameters close to zero. For
these mixtures, the density spectrum of each component
was around the average value at homogeneity.
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