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ABSTRACT: A detailed study has been conducted of the sorption of ethylene and 1-hexene in linear low
density polyethylene (LLDPE) under typical gas phase LLDPE reactor conditions. The recently proposed
osmotic ensemble hyperparallel tempering method is used to simulate ethylene and 1-hexene gas sorption
in the polymer samples. Simulations are used to parametrize the PC-SAFT equation of state for
calculation of gas sorption in amorphous polyethylene. A model for crystallite induced elastic constraints
is adopted to modify the equation of state for description of gas sorption in polyethylene below melting
point conditions. Single-component ethylene and 1-hexene gas sorption as well as ethylene/1-hexene gas
co-sorption are studied in this work. It is observed that simulations provide an effective method to
parametrize the PC-SAFT equation of state. In addition, since simulations and PC-SAFT assume a
hypothetically amorphous polymer, a quantitative description of elastic effects for gas sorption in
semicrystalline polyethylene emerges from our approach. The results are verified by comparison to the
experimental results of Novak et al. [Novak et al. Manuscript in preparation, 2004].

1. Introduction
In the commercial gas-phase manufacturing of linear

low-density polyethylene (LLDPE), a higher R-olefin,
typically 1-butene, 1-hexene, or 1-octene, is used as a
comonomer. To develop a sound understanding of the
kinetics of the polymerization process and, hence, the
quality of the product resin, precise knowledge of the
solubility and density of monomers or other small
molecule solutes in polyethylene (PE) is required under
reaction conditions.

The objective of this research is to use molecular
simulations and a recently developed osmotic-ensemble
hyper-parallel tempering technique1 to arrive at an
equation of state capable of predicting the solubility of
monomers in LLDPE under typical reaction conditions.
To reach this goal, results of simulations are used to fit
and test the perturbed-chain statistical associating fluid
theory (PC-SAFT) equation of state.2-4 The PC-SAFT
equation of state is a modification to the original
SAFT5-8 equation of state and has been shown to yield
predictions that agree with measurements of solubility
of small molecules in polyolefins when binary inter-
action parameters are fitted to experimental data.

Under typical reaction conditions, LLDPE exists in a
semicrystalline state. Our molecular simulations do not
capture this semicrystalline structure because the level
of detail required to capture crystallinity is not included
in the united-atom force-field employed in this work and
the length scale of this semicrystalline structure is much
larger than the scale of our molecular simulations (our
molecular simulations are conducted in periodic simula-
tion cells of up to 40 Å in length and single crystallites
in semicrystalline polyethylene are on the order of 100
Å in length). In addition, the PC-SAFT equation of
state does not account for the effects of crystallites on
the solubility of molecules in the amorphous portion of
the semicrystalline structure. However, it has been
proposed that with the introduction of crystallites, the
swelling in the amorphous phase of the semicrystalline
polymer is constrained, thereby reducing the solubility
of molecules in the amorphous phase of the polymer as
compared to that in a hypothetical, purely amorphous
polymer under the same conditions. To account for this
elastic constraint, following Michaels et al.,9 we have
adopted a simple modification of the PC-SAFT equation
of state that permits calculation of thermodynamic
properties. Such an approach has been reported to yield
solubility predictions for aromatics in polyethylene10 in
good agreement with experiment. Further theoretical
and experimental investigations of “constrained inter-
phases” can be found in the literature.11-14

One point of particular interest in the study of
monomer sorption in polymers is that of providing an
understanding of the so-called “comonomer effect”. The
“comonomer effect” is the terminology used to explain
observed increases in the ethylene polymerization rate
due to the addition of a comonomer.15-19 Under LLDPE
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reactor conditions, both ethylene and the higher R-olefin
are present in the gas phase, and therefore, a funda-
mental understanding of this effect would have impor-
tant practical value. Depending on the operating con-
ditions of the reactor, the addition of 1-hexene has been
observed either to cause no effect on the polymerization
rate or to cause up to a 4-fold increase in the polymer-
ization rate.16,18 This so-called comonomer effect could
have several origins. Recent evidence suggests that, in
reaction mixtures of small molecule solutes (methane,
ethylene, 1-hexene, and nitrogen) and linear amorphous
PE, the solutes exhibit a tendency to aggregate near
chain ends.1,20,21 Short-chain branching in poly(ethylene-
co-1-hexene), arising from varying amounts of 1-hexene
in the reacting mixture, could lead to aggregation effects
near branch chain ends. Previous work from our group1

indicates that the aggregation effect induced by short-
chain branching is counteracted by the increased den-
sity due to branching, leading to a monomer solubility
which is essentially identical to that observed in a
purely linear material. It is unclear, however, to what
extent this observation prevails in the presence of a
comonomer. It is known that, upon addition of 1-hexene
to the gas phase, the solubility of ethylene increases
(with respect to that for pure ethylene) as a result of
the enhanced swelling of the polymer by the more
soluble cosolvent (1-hexene).21 Further discussions in
light of the results presented here are provided below.

To test the predictive capabilities of our techniques,
we have compared our predictions with the experimen-
tal results of Novak et al.22 Novak et al. have measured
the solubility of ethylene and 1-hexene in controlled
ethylene-1-hexene copolymer samples prepared with a
titanium-based Ziegler-Natta type catalyst in a gas-
phase reactor. The ethylene to 1-hexene ratios incorpo-
rated in the LLDPE have been characterized and are
similar to the polymer architectures that we have
studied. Novak et al.22 measured the monomer solubili-
ties at conditions above and below the polymer melting
temperature, thus providing data showing the effect of
crystallites on the sorption of monomers in the amor-
phous polymer phase. Solubilities below the melting
temperature were measured in nascent polymer powder.
These samples are therefore representative of the
polymer during reactor conditions.

2. Simulation Techniques

2.1. Force Field. All simulations employ the NERD
force field,20,23-25 in which united-atom sites represent
CHn groups in ethylene, 1-hexene, and polyethylene
chain molecules. The bonded and nonbonded NERD
force field parameters adopted in this work for ethylene,
1-hexene, and polyethylene chain molecules are pro-
vided in Table 1. A 12-6 Lennard-Jones potential
energy function is adopted for nonbonded interactions.
This includes site-site interactions for sites on the same
molecule located more than three bonds apart and sites
located on different molecules. For polyethylene chains
and 1-hexene, a torsional potential energy function is
imposed on rotations about carbon-carbon bonds.26

Bond stretching and bond-angle bending are controlled
by means of a harmonic potential. For nonbonded,
unlike pair interactions, Lorentz-Berthelot combining
rules are used, which in previous work have been shown
to be suitable for alkane mixtures.27 In all calculations,
a cutoff radius of 10.0 Å is employed for Lennard-Jones
interactions and standard tail corrections28,29 are imple-

mented. The NERD force field has been shown to
provide good agreement with experimental phase-
equilibria data for pure alkanes and alkenes, and their
binary and ternary mixtures.20,23-25,27

2.2. Simulated LLDPE Chain Architectures. Two
polyolefin architectures of 500 monomer backbone are
studied to observe the effect of polymer chain branching
on ethylene and 1-hexene solubilities. The first polymer
architecture, linear C1000, is composed of 100% ethylene
repeat units and 1000 total united-atom sites. The
second architecture, branched C1100, is composed of 95%
ethylene and 5% 1-hexene repeat units (1100 total
united-atom sites). For branched C1100, 1-hexene units
are separated by 19 ethylene units in a chain (each
chain having a total of 475 ethylene and 25 1-hexene
units incorporated into the chain). The branching ster-
eochemistry is not distinguished with the NERD force
field.

2.3. Simulation Methods. Ethylene and 1-hexene
solubility simulations are conducted using the recently
proposed hyper-parallel tempering osmotic (µ1...µkN-
PEpT) ensemble technique.1 In the osmotic ensemble,
simulations are conducted with a constant number of
polymer chains (NPE) in a simulation cell at a given
temperature (T), pressure (p), and chemical potential
of the gases (µ1...µk) that sorb into the polymer phase.
The full details of this ensemble can be found in an
earlier publication.1 To characterize pure PE, isother-
mal-isobaric ensemble (NPEpT) simulations have also
been conducted. Sampling of phase space is achieved
through Monte Carlo moves involving ethylene and/or
1-hexene insertion and deletion (for osmotic ensemble
simulations only), volume changes, and site displace-
ments at constant volume and number of molecules.

Table 1. Bonding and Nonbonding Potential Energy
Functions and Parameters

Bond Stretching Potential

U(r)/kB ) Kr/(r - beq)2

Kr ) 96500 K/Å2 beq ) 1.54 Å (C - C)
beq ) 1.34 Å (C ) C)

Bond Bending Potential

U(θ)/kB ) Kθ/2 (θ - θeq)2

Kθ ) 62500 K/rad2 θeq ) 114.0° (C - C - C)
θeq ) 124.0° (C - C ) C)
θeq ) 109.4° (centered at CH(sp3) branch unit)

Torsional Potential

U(φ)/kB ) U0 + U1(1 + cosφ) + U2(1 - cos 2φ) + U3(1 + cos 3φ)
linear (C-C-C-C) linear (C-C-CdC)
U0 ) 0 U1 ) 355.04 K U0 ) 47.97 K U1 ) 86.31 K
U2 ) - 68.19 K U3 ) 791.32 K U2 ) - 109.71 K U3 ) 282.08 K
branched (C - C - C - C)
U0 ) 1416.30 K U1 ) 398.30 K
U2 ) 139.12 K U3 ) - 901.20 K

Nonbonded Interaction Potential:

U(r) ) 4ε[(σ/r)12 - (σ/r)6]

Ethylene
σCH2(sp2) ) 3.79 Å εCH2(sp2) ) 84.7 K

1-Hexene
σCH3(sp3) ) 3.91 Å εCH3(sp3) ) 104.0 K
σCH2(sp2) ) 3.72 Å εCH2(sp2) ) 92.5 K (end group)
σCH2(sp3) ) 3.93 Å εCH2(sp3) ) 45.8 K (middle group)
σCH(sp2) ) 3.77 Å εCH(sp2) ) 46.0 K

Polyethylene Chains
σCH(sp3) ) 3.85 Å εCH(sp3) ) 39.7 K
σCH2(sp3) ) 3.93 Å εCH2(sp3) ) 45.8 K
σCH3(sp3) ) 3.91 Å εCH3(sp3) ) 104.0 K
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Constant volume molecular displacement moves include
Hybrid-NVT (CVHMC) moves,30,31 continuum configu-
rational bias (CB)32-34 moves, polymer chain CB rep-
tation moves (for linear chains only), and CB inner chain
rebridging moves.35 The simulation cell volume fluctu-
ates with reversible Berendsen Hybrid-NPT (CPHMC)
moves.36,37 The insertion and deletion of monomers into
the simulation cell are conducted via a CB technique.

In addition to the osmotic and NPEpT ensemble
formalisms, we have included a parallel tempering
technique in our simulations.38-40 Yan et al. studied
Lennard-Jones atoms and polymeric systems in a grand
canonical formalism38,39 and found a speedup with the
parallel tempering scheme. In this technique, N en-
semble replicas are run independently using regular
ensemble moves. Attempts are also made to exchange
the extensive variables of two replicas with acceptance
related to their partition functions. Each replica may
be at different specified intensive variables (tempera-
tures, pressures, and chemical potential(s) of gases for
osmotic ensemble; temperature and pressure for NpT
ensemble). However, the same extensive variables are
kept constant in each replica (the number of molecules
for the polymer is the same and constant for each replica
in the osmotic ensemble formalism; the number of
molecules for all components is the same and constant
for each replica in the NpT ensemble formalism). For
randomly chosen pairs, an exchange between replica
configurations xl and xm is accepted according to

where Pensemble,i(xj) is the probability of replica i having
configuration xj for an arbitrary ensemble. For example,
the following acceptance criteria for swapping osmotic
ensemble replica configurations can be determined1

where

and Aj is a varying configurational dependent variable
in replica j (e.g., the internal energy, Uj, the replica
volume, Vj, or the number of molecules of type i, Ni,j).

As mentioned above, gas-phase chemical potentials
are required for the osmotic ensemble simulations. Gas-
phase chemical potentials needed for the osmotic en-
semble are calculated using a configurational bias test
molecule insertion scheme within an NpT simulation28

of the specified gas phase. The reduced chemical poten-
tial of molecule i, âzi

mod, is determined by1

where â is 1/kBT, µi is the chemical potential of molecule

i, λi is the de Broglie wavelength of component i, defined
by (p/2πmikBT)1/2, mi is the mass of component i, Ni is
the number of i type molecules in the system, Wtest i

ext is
the Rosenbluth weight41 associated with a test molecule
of type i inserted into the system, and Cchn i is Πj)1

ni

Cchn i,site j, where Cchn i,site j is given by

where Uchn i,site j
bonded is the bonded (bond stretching, bond

angle bending, and/or torsion) potential energy associ-
ated with the addition of site j of molecule type i and
the integral is over all configurational phase space.

For this study, the reduced chemical potentials of
ethylene in pure ethylene gas, 1-hexene in pure 1-hex-
ene gas, and ethylene and 1-hexene in a 95 mol %
ethylene/5 mol % 1-hexene gas mixture are determined
for various conditions. NpT simulations consist of 80%
constant volume CB moves and 20% random volume
moves. Each CB move is performed using 10 trial
orientations per site. Random volume moves are con-
ducted with a maximum volume change of 10-100σLJ,min

3

for the various conditions considered. All simulations
are run for 5 × 106 steps with 200-400 molecules per
simulation cell; 250 test molecule insertions are con-
ducted every 10 steps in a configurational bias manner
with 10 trial orientations per site. The average VWtest i

ext

is used with eq 4 to find the ethylene and/or 1-hexene
reduced chemical potential for a given condition.

2.4. Simulation Specifications. For all polymer
simulations, the simulation cell contains two polyolefin
chains with initial configurations (for each condition)
generated independently (using periodic boundaries).
Each initial configuration is generated at random in a
large simulation box (i.e., at low density). The system
is then allowed to relax using NpT molecular dynamics
simulations with the NERD united-atom force field,
until an equilibrated state is reached for the configu-
ration at the specified pressure and temperature. We
have also studied systems of up to eight polyolefin
chains, and the results for solubility are identical to
those with two chains.

For the pure polyethylene NPEpT simulations, 10
NPEpT ensembles are run within the parallel tempering
framework for PE modeled as linear C1000 with each
ensemble at 1 bar and at temperatures ranging from
70 to 200 °C. For ethylene solubility simulations, 10
osmotic (µethyleneNPEpT) ensembles are run within the
parallel tempering framework at temperatures ranging
from 70 to 200 °C. For each polyethylene model, 3 of
these simulations are conducted at 9.5, 19, and 30 bar.
For 1-hexene solubility and ethylene/1-hexene co-
solubility simulations, 15 osmotic (µ1-hexeneNPEpT and
µethyleneµ1-hexeneNPEpT) ensembles are run within the
parallel tempering framework at temperatures ranging
from 70 to 200 °C. For each polyethylene model, 2 of
these simulations are conducted at 0.5 and 1.0 bar for
the 1-hexene solubility simulations. For the linear C1000
PE architecture, two ethylene/1-hexene co-solubility
simulations are conducted at 10 and 20 with a specified
gas-phase composition of 95 mol % ethylene and 5 mol
% 1-hexene.

The full details of the solubility simulation conditions
as well as the reduced chemical potentials determined
by gas-phase simulations are provided in Tables 2 and
3. Details of the Monte Carlo (MC) move parameters

Paccept(xl T xm) )

min[1,
Pensemble,l(xm)Pensemble,m(xl)

Pensemble,l(xl)Pensemble,m(xm)] (1)

Paccept(xl T xm) )

min[1,exp(-âl∆Ul - âlpl∆Vl + ∑
i)1

k

âlzi,l
mod∆Ni,l) ×

exp(-âm∆Um - âmpm∆Vm + ∑
i)1

k

âmzi,m
mod∆Ni,m)] (2)

∆Am ) - ∆Al ) A(xm) - A(xl) (3)

zi
mod ) âµi - ln λi

3 + ln Cchn i

) ln(Ni + 1) - ln〈VWtest i
ext 〉 (4)

Cchn i,site j ) ∫dr e-âUchni,sitej
bonded(r)

(5)
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and simulation specifications for the osmotic and NPEpT
simulations are provided in Tables 4 and 5.

3. Equations of State Modeling
For phase equilibrium, the temperature, pressure,

and component chemical potentials are equivalent in the
vapor (V) and amorphous polymer (amph P) phases. In
this work the vapor phase pressure and chemical
potentials are modeled with the perturbed-chain sta-
tistical associating fluid theory (PC-SAFT) equation of
state.2-4

where i is an index for gas i in the mixture (ethylene or
1-hexene in this work). It is assumed that the concen-
tration of polymer in the gas phase is negligible.

Above the polymer melting point, the purely amor-
phous polymer phase pressure and chemical potentials
are also modeled with the PC-SAFT equation of state.

Below the melting point, real polyolefins exhibit a
semicrystalline structure. This structure restricts poly-
mer swelling and inhibits gas sorption in the amorphous
polymer phase of the semicrystalline polyolefin (it is
assumed that no gas sorbs into the crystalline phase of
polyolefin). Our molecular simulations and the PC-
SAFT equation of state do not account for this elastic
effect of gas sorption in the amorphous polymer phase.
A model has therefore been adopted to account for these
elastic constraints through a modified expression for
pressure and chemical potential:

Equations 6-11 form the basis for the phase equilibria
calculations. Some details pertaining to each of the
terms appearing in these equations are provided below.

Table 2. Conditions for Ethylene/Polyethylene and 1-Hexene/Polyethylene Osmotic Ensemble Simulationsa

ethylene solubility simulations 1-hexene solubility simulations

9.5 bar systems 19 bar systems 30 bar systems 0.5 bar systems 1 bar systems

T (K) zeth
mod T (K) zeth

mod T (K) zeth
mod T (K) zeth

mod T (K) zeth
mod

343 -8.5483 343 -7.8894 343 -7.4723 343 -11.677 343 -10.997
353 -8.5739 353 -7.9118 353 -7.4910 353 -11.689 353 -11.009
363 -8.5990 363 -7.9340 363 -7.5099 363 -11.702 363 -11.021
378 -8.6357 378 -7.9671 378 -7.5387 373 -11.714 373 -11.032
393 -8.6715 393 -7.9996 393 -7.5675 378 -11.720 378 -11.038
408 -8.7062 408 -8.0316 408 -7.5963 383 -11.727 383 -11.044
423 -8.7399 423 -8.0629 423 -7.6249 393 -11.739 393 -11.055
438 -8.7727 438 -8.0629 438 -7.6533 403 -11.751 403 -11.067
453 -8.8046 453 -8.0937 453 -7.6813 413 -11.764 413 -11.079
473 -8.8457 473 -8.1238 473 -7.7180 423 -11.776 423 -11.090

433 -11.788 433 -11.102
443 -11.801 443 -11.113
453 -11.813 453 -11.125
463 -11.825 463 -11.137
473 -11.838 473 -11.148

a Reduced chemical potentials are determined for the pure gas at the specified temperature and pressure as described in section 2.3.

Table 3. Conditions for Ethylene/1-Hexene/Polyethylene
Osmotic Ensemble Simulationsa

10 bar systems 20 bar systems

T (K) zeth
mod zhex

mod T (K) zeth
mod zhex

mod

343 -8.5431 -11.8175 343 -7.8721 -11.339
353 -8.5664 -11.8137 353 -7.8939 -11.315
363 -8.5897 -11.8114 363 -7.9157 -11.294
373 -8.6130 -11.8107 373 -7.9375 -11.277
378 -8.6247 -11.8109 378 -7.9485 -11.270
383 -8.8114 -11.811 383 -7.9594 -11.263
393 -8.6596 -11.8132 393 -7.9812 -11.253
403 -8.6829 -11.8162 403 -8.0030 -11.245
413 -8.7062 -11.8202 413 -8.0248 -11.239
423 -8.7295 -11.8250 423 -8.0466 -11.235
433 -8.7528 -11.8368 433 -8.0685 -11.233
443 -8.7762 -11.8368 443 -8.0903 -11.232
453 -8.7995 -11.8434 453 -8.1121 -11.232
463 -8.8228 -11.8505 463 -8.1339 -11.233
473 -8.8461 -11.8577 473 -8.1557 -11.234
a In all cases, reduced chemical potentials are calculated for

gases of 95 mol % ethylene/5 mol % 1-hexene.

Table 4. Parameters Used for Monte Carlo Movesa

MC move

no. of
sites/
moveb

no. of trial
insertions/

site

no. of
MD steps
per move

reduced
MD time

stepc

CB Moves
ethylene 2 15d

insertion/deletion 20e

1-hexene 6 20
insertion/deletion

chain end-sitef 1-6 (PE) 10
1-2 (ethylene)
1-6 (1-hexene)

branch end-siteg 1-4 (PE) 10

reptationh 1-4 (PE) 10

inner chain 2-6 (PE) 10
rebridging

Hybrid-MC Moves
CPHMC 15 0.001
CVHMC 15 0.018

a For moves with parameters different for ethylene, 1-hexene,
and polyethylene, the molecule for the parameter is specified in
parentheses. b Randomly chosen between given range. c Reduced
in terms of σ, ε, and the mass of the Lennard-Jones site with
minimum σ. d For binary ethylene/PE simulations. e For ternary
ethylene/1-hexene/PE simulations. f End-chain CB method for 2
ends of the chain. g End-chain CB for branches in the chain (only
for branched C1100). h Only for linear C1000.

Pamph P ) Ppure amph P + Pamph P,elastic (10)

µi
amph P,res ) µi

pure amph P,res + ∆µi
amph P,elastic (11)

PV ) PV,res,PC-SAFT + PIG (6)

µi
V,res ) µi

V,res,PC-SAFT (7)

Ppure amph P ) Ppure amph P,res,PC-SAFT + PIG (8)

µi
pure amph P,res ) µi

pure amph P,res,PC-SAFT (9)
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3.1. PC-SAFT Equation of State. The PC-SAFT
residual Helmholtz free energy depends on the mole
fraction (xi) of each species, the total number of moles
in the system (n), the system volume (V), and system
temperature (T) and is modeled as

where Ahs represents a hard-sphere contribution, Achain

is the contribution of bonding of the spherical sites to
form chains, Aassoc accounts for association between
nonbonded sites (eg. hydrogen bonding), and Adisp is a
dispersion contribution. For our systems, Aassoc is equal
to zero as there is no association between nonbonded
sites in the mixtures we study here. The dispersion term
is different in the PC-SAFT and the original SAFT
model. The PC-SAFT model is adopted here due to its
improved performance over the conventional SAFT
model. Full details can be found in the original
references.2-7

Molecule-specific parameters appearing in PC-SAFT
include a temperature independent segment diameter,
σi

PC-SAFT, the number of segments per molecule, mi, the
molecule molecular weight, MWi, and a segment energy,
εi

PC-SAFT. For unlike pair interactions between type i
and j sites (appearing in the dispersion contribution of
PC-SAFT), the effective interaction diameter is given
by σij

PC-SAFT ) 1/2(σi
PC-SAFT + σj

PC-SAFT) and the
energy of interaction is given by εij

PC-SAFT ) (1 - kij)
(εi

PC-SAFT
εj

PC-SAFT), where an adjustable binary inter-
action parameter, kij, has been introduced.

The pressure and residual chemical potentials for
each species are found through the following thermo-
dynamic definitions

3.2. Elastic Constraints. To describe the elastic
contributions appearing in eqs 10 and 11, we have
implemented a model akin to those proposed by Flory
and Michaels et al. and Rogers and Doong et al.9,10,42,43

Consider the cartoon of a semicrystalline polymer
depicted in Figure 1. In this model, polymer swelling
in an amorphous interphase region (the amorphous
interphase region refers to the amorphous polymer
domains that exist between adjoining crystalline re-
gions) is constrained by stretching constraints exerted
by “elastically affected” tie segments between crystal-
lites. In this model, the free energy associated with the
stretching of “elastically affected” tie segments is de-
scribed by

Table 5. Simulation Specifications for Osmotic and NPEpT Ensemble Simulationsa

Distribution of Monte Carlo Moves

distribution of non-PT swapping MC moves

gas/PE models
% PT

swapping
%

CPHMC
%

CVHMC

% ethylene/
1-hexene

CB insertion/
deletion

% chain
end-site

CB

% branch
end-site

CB reptation

% inner
chain

rebridging

no. of
MC

steps/system
(×10-6)

Osmotic Simulations
ethylene/linear C1000 0.05 1 0.25 83 1.25 4.5 10 5 (9.5, 19 bar)

8 (30 bar)
1-hexene/linear C1000 0.02 1 0.25 83 1.25 4.5 10 5 (0.5 bar)
ethylene/1-hexene/linear C1000 0.02 1 0.25 83 1.25 4.5 10 20 (10, 20 bar)
ethylene/branched C1100 0.05 1 0.25 83 0.575 5.175 10 10 (9.5 bar)

5 (19, 30 bar)
1-hexene/branched C1100 0.02 1 0.25 83 0.575 5.175 10 5 (0.5 bar)

10 (1 bar)

NPEpT Simulations
linear C1000 0.05 0.8 0.2 10 43 46 2 (1 bar)

Monte Carlo Move Acceptancesb

% PT
swapping

%
CPHMC

%
CVHMC

% ethylene CB
insertion/deletion

% 1-hexene CB
insertion/deletion

%
end-site

CBc

%
reptation

CB

% inner
chain

rebridging

10-20 20-30 50-70 2-20 0.1-5 30-50 5-15 3-6

a The distribution of Monte Carlo moves for each simulation and general Monte Carlo move acceptances are indicated in the table. For
the distribution of Monte Carlo moves, the mixtures studied are shown in the left-hand column. Distinctions between the different pressures
studied for a given mixture are indicated in parentheses. b Range of acceptances for all simulations. For non-PT swapping moves, acceptances
are generally insensitive to pressure, higher for higher temperature conditions, and lower for lower temperature conditions. c Overall
acceptance for chain and branch end-site CB moves.

Ares,PC-SAFT(xi,n,V,T) ) Ahs(xi,n,V,T) +

Achain(xi,n,V,T) + Aassoc(xi,n,V,T) + Adisp(xi,n,V,T)
(12)

Figure 1. Illustration of elastic effect in a semicrystalline
polymer.

Pres,PC-SAFT ≡ (∂Ares,PC-SAFT

∂V )
N,T

(13)

µi
res,PC-SAFT ≡ (∂Ares,PC-SAFT

∂Ni
)

Nj*i,T,V
(14)

∆Uamph P,elastic ) Kr2/2u (15)
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where ∆Uamph P,elastic is the elastic energy (per methyl
unit in tie segment) associated with the stretching of
“elastically affected” chains and r is the average distance
between adjoining crystallites of an “elastically affected”
chain. This energy is assumed to follow a Hookean form
characterized by a spring constant K, and the average
number of methyl units in the tie segments u. The
fraction of “elastically affected” chains in the amorphous
interphase, f, is defined by

where ν is the total number of polymer tie segments in
the amorphous interphase region, NA is Avogadro’s
number, and nP is the total number of moles of polymer
in the amorphous polymer interphase.

By making use of general thermodynamic relation-
ships and the melting point depression of a crystalline
polymer by a solvent, the following expressions are
obtained for the elastic contribution on the solvent i
chemical potential in the amorphous polymer phase and
polymer phase pressure (see Supporting Information):

where Tm is the melting temperature (determined from
DSC measurements), vji

amph P is the partial molar vol-
ume of species i in the amorphous polymer phase
(calculated from simulations as described in a previous
publication1), and φP

amph P is the volume fraction of the
polymer in the amorphous polymer phase.

We are not aware of any previous results quantifying
the fraction of “elastically affected” chain parameter, f,
for a given polymer sample. However, we believe that
it is possible to obtain a value for f based on experi-
mental studies of “constrained interphases” in the
manner proposed by previous investigations.12-14 In
addition, it may be possible to measure this parameter
with improved molecular simulation techniques in the
future.

4. Experimental LLDPE Samples
Table 6 summarizes the properties of the LLDPE

samples for which experimental solubility results are
used to compare with our model results.

The samples were prepared by polymerization in a
gas-phase stirred bed reactor over a Ziegler-Natta type
catalyst at 8.27 bar and 70 °C. To produce PE388 and
PE475, ethylene was copolymerized at 2.00 and 3.25 mol
% 1-hexene in the gas phase. The sample melting points
and heats of fusion were characterized by differential
scanning calorimetry (DSC) analysis. The crystallinity
was determined based on the measured heats of fusion.

The sorption measurements were conducted at 70, 90,
and 150 °C using a Rubotherm magnetic suspension
balance in a high-pressure vessel under specified tem-
peratures and pressures. For this work, the gas sorption
measurements are reported on the basis of gas solubility
per gram of amorphous polymer assuming no gas sorbs
into the crystalline polymer phase for experiments
performed with semicrystalline polymer (below the
polymer melting temperature). For the sorption mea-
surements below the polymer melting temperature (70
and 90 °C, it is assumed that the polymer crystallinity
does not change with gas sorption (i.e., it is assumed
that no “partial melting” of crystallites occurs due to
the presence of solvent at these conditions). Previous
investigations of gas sorption for various alkenes and
aromatics in polyethylene suggest that “partial melting”
of semicrystalline polyethylene due to the addition of
solvent will not be significant at temperatures below 100
°C.9,44,45 The full details of the experimental procedures
can be found in the original reference, ref 22.

5. Results and Discussion

5.1. PC-SAFT Parametrization. PC-SAFT pa-
rameters for ethylene and 1-hexene are taken from the
original publication.2 We note here that with the
original parametrization, the predictions of PC-SAFT
for liquid density deviate slightly from those of molec-
ular simulations, thereby leading to slight discrepancies
in the ensuing solubility predictions. To arrive at better
equation-of-state parameters for linear C1000, NpT simu-
lations of pure linear C1000 were conducted. The result-
ing densities are shown in Figure 2. As observed in

νu
NA

) fnP (16)

∆µi
amph P,elastic/RT )

vji
amph P

vjP
amph P[∆Hfusion

R (1
T

- 1
Tm

) + µP
pure amph P,res/RT]

3
2fφP

amph P
- 1

(17)

Pamph P,elastic )

-3( RT
vjP

amph P)[
∆Hfusion

R (1
T

- 1
Tm

) + µP
pure amph P,res/RT]

3
2fφP

amph P
- 1

(18)

Table 6. Characterization of Poly(ethylene-co-1-hexene)
Samples from Novak et al.,22 Where Crystallinity Data Is

Based on a Value for the Heat of Fusion of 100%
Crystalline PE of 280-290 J/g.

sample
1-hexene

(mol % in PE)
Tmelt
(°C)

heat of
fusion (J/g)

%
crystallinity

PE000 0 142.9 202.3 69.7-72.3
PE388 3.88 139.3 180.0 62.0-64.3
PE475 4.75 138.2 171.2 59.0-61.2

Figure 2. Density of pure linear C1000 at 1 bar: (b) simulation
results; (+) experimental results46 for a purely amorphous
high-density polyethylene (Mn ) 28K, Mw/Mn ) 4.5). The
dashed line (- -) is the PC-SAFT fit to the simulation results.
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Figure 2, the results agree well with experimental data.
The PC-SAFT parametrization is conducted with the
same procedure proposed by Gross et al.3 The number
of segments in a polyethylene chain, m, is set to the
value used by Gross et al. for all polyethylene models
(reported as m/polymer molecular weight in the work
of Gross et al.3). The segment diameter, σ, is modified
from the value of Gross et al.3 in order to obtain good
agreement with simulated pure linear C1000 density
results. As noted in the publication of Gross et al., the
pure component density is insensitive to the segment
dispersion energy term, ε/kB. Ideally one would use
vapor pressure data to fit ε/kB. Such data, however, are
not available for pure polyethylene; the segment disper-
sion energy term is therefore adjusted from the value
originally proposed by Gross et al. by co-currently fitting
PC-SAFT to simulated pure linear C1000 density and
ethylene sorption in linear C1000 (results for ethylene
sorption are given in the next section). In addition, the
PC-SAFT binary interaction parameters kij are set to
zero for all mixture calculations. As shown in the
following sections, kij is not necessary to provide results
that are consistent with those of our simulations of
solubility. The full PC-SAFT parametrization for this
work is provided in Table 7.

5.2. Ethylene Sorption in LLDPE. Figure 3 shows
simulated ethylene solubility results in PE at 9.5, 19,
and 30 bar and temperatures from 70 to 200 °C for

various chain architectures. No effect of short-chain
branching is observed in the simulated results. This is
consistent with the experimental observations of Novak
et al.22 as well as our previous results.1 PC-SAFT
ethylene solubility predictions in linear C1000 are also
shown in Figure 2. PC-SAFT and simulated ethylene
sorption predictions are within 10% for all conditions.

Figure 4 shows the corresponding simulated ethylene/
PE mixture densities. As observed in the Figure, short
chain branching has a tendency to increase the mixture
densities, consistent with previous observations.1 Upon
comparison with pure unswollen linear C1000 at 1 bar,
polyethylene swells with the addition of the lighter
ethylene, as indicated by the reduction in density with
increasing ethylene sorption (increasing ethylene sorp-
tion is indicated by the increasing pressures in the
ethylene/polyethylene mixture densities shown in Fig-
ure 4). As Figure 4 shows, the PC-SAFT predicted
ethylene/linear C1000 mixture densities agree relatively
well with simulations (PC-SAFT and simulated ethyl-
ene/linear C1000 mixture density predictions are within
2% for all conditions). These findings indicate that PC-
SAFT effectively captures the ethylene/PE mixture with
regards to the predicted ethylene solubilities and poly-
mer phase densities without the need for adjustable
binary ethylene - PE interaction parameters.

As previously mentioned, both our molecular simula-
tions and PC-SAFT predictions do not account for
inherent elastic effects present within semicrystalline
PE. Figure 5 shows the effect of elastic constraints on
ethylene solubility in PE for 9.5, 19, and 30 bar. Partial
molar volumes of 65 and 17000 cm3/mol for ethylene and
polyethylene modeled as linear C1000, respectively, are
assumed for eqs 17 and 18 to calculate the elastic
contribution. The partial molar volumes are obtained
from simulations at conditions below the polymer melt-
ing temperature (see ref 1). The heat of fusion for
crystallites and the homopolymer melting temperature

Table 7. PC-SAFT Parameterization

PC-SAFT Pure Component Parameters

MW (g/mol) m σ (Å) ε/kB (K)

ethylene 28.054 1.5930 3.4450 176.47
1-hexene 84.161 2.9853 3.7753 236.81
linear C1000 14029 369.50 3.9876 246.0

Binary Interaction Parameters
keth-linC1000 ) 0.000
khex-linC1000 ) 0.000
keth-hex ) 0.000

Figure 3. Simulated ethylene solubility in polyethylene with
various polyethylene models: (2, 9, and b) simulated results
for polyethylene modeled as linear C1000 at 9.5, 19, and 30 bar,
respectively; (4, 0, and O) simulated results for polyethylene
modeled as branched C1100 at 9.5, 19, and 30 bar, respectively.
The solid curves (-) are the PC-SAFT predictions for ethylene
solubility in linear C1000.

Figure 4. Simulated amorphous polymer phase density for
ethylene/polyethylene mixture using various polyethylene
models: (2, 9, and b) simulated results for polyethylene
modeled as linear C1000 at 9.5, 19, and 30 bar, respectively;
(4, 0, and O) simulated results for polyethylene modeled as
branched C1100 at 9.5, 19, and 30 bar, respectively. The solid
curves (s) are the PC-SAFT predictions for the ethylene/
linear C1000 mixtures. The dashed curve (- -) is the PC-SAFT
prediction for pure linear C1000 at 1 bar.
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for eqs 17 and 18 are provided in Table 6. Experimental
results for the polyethylene with 0-4.75% 1-hexene
incorporated in the polymer are also shown in Figure
5. At temperatures above the melting point, there are
no elastic effects and we observe that the molecular-
simulation-fitted PC-SAFT curve slightly overpredicts
the experimental results. For temperatures below the
melting point, elastic effects are important. Upon melt-
ing, the experimentally observed ethylene solubility (per
gram of amorphous polymer) increases considerably (In

the absence of elastic effects, ethylene solubility would
decrease with an increase in temperature). The inclu-
sion of elastic constraints captures the experimentally
observed decrease of ethylene in semicrystalline poly-
ethylene when the fraction of “elastically affected”
chains, f, is approximately 0.2-0.3. Also note that
experimental results indicate that short-chain branch-
ing does not have an effect on ethylene solubility,
consistent with our predictions. This experimental
observation is confirmed for additional operating condi-
tions in the work of Novak et al.22

5.3. 1-Hexene Sorption in LLDPE. Figure 6 shows
our simulated 1-hexene solubility results in PE at 0.5
and 1 bar and temperatures from 70 to 200 °C for
various chain architectures. As with the case of ethylene
sorption, no effect of short-chain branching is observed.
This is consistent with the experimental observations
of Novak et al.22 The PC-SAFT calculations agree well
with simulated 1-hexene solubility predictions for the
higher temperatures. However, a slight discrepancy is
observed for temperatures below 100 °C. At these lower
temperatures, PC-SAFT overpredicts 1-hexene solu-
bilities compared to the simulations.

Figure 7 shows the corresponding simulated 1-hexene/
PE mixture densities. As observed in Figure 7, short-
chain branching has a tendency to increase the mixture
densities. Another interesting observation is that swell-
ing becomes increasingly important at lower tempera-
tures. In fact, swelling becomes so dramatic that, below
100 °C, the density actually decreases with lower
temperatures. PC-SAFT predictions agree relatively
well with simulated densities for higher temperature
simulations. However, some discrepancies can be seen
in the results for temperatures below 100 °C. Since PC-
SAFT overpredicts 1-hexene solubility at lower temper-
atures, more of the lighter 1-hexene is present in the
polymer phase, thereby leading to the larger extent of
swelling observed at these lower temperatures (see
Figure 7).

Figure 5. Elastic effect on ethylene solubility in linear C1000
at 9.5, 19, and 30 bar. The solid curves (s) are PC-SAFT
results with no elastic effect, i.e., f ) 0.0 (PC-SAFT fitted to
simulation results). The dotted (‚‚‚), dash-dotted (-‚-), and
dashed (- -) curves are PC-SAFT results corrected for elastic
constraints with f ) 0.1, f ) 0.2, and f ) 0.3, respectively. b,
9, and 2 are experimental ethylene solubility results in
ethylene-1-hexene copolymers of 100, 96.12, and 95.25 mol %
ethylene incorporated in the polyolefin (PE000, PE388, and
PE475 from Table 6), respectively from Novak et al.22 ] are
experimental ethylene solubilities in a low-density polyethyl-
ene from Maloney et al.47

Figure 6. Simulated 1-hexene solubility in polyethylene with
various polyethylene models: (2 and 9) simulated results for
polyethylene modeled as linear C1000 at 0.5 and 1 bar,
respectively; (4 and 0) simulated results for polyethylene
modeled as branched C1100 at 0.5 and 1 bar, respectively. The
solid curves (s) are the PC-SAFT predictions for 1-hexene
solubility in linear C1000.
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Figure 8 shows the effect of elastic constraints on
1-hexene solubility in PE for 0.5 and 1 bar. Partial molar
volumes of 130 and 17000 cm3/mol for 1-hexene and
polyethylene modeled as linear C1000, respectively, are
assumed for eqs 17 and 18 to calculate the elastic
contribution. The partial molar volumes are extracted
from simulations, as in the ethylene solubility case. The
heat of fusion for crystallites and the homopolymer
melting temperature for eqs 17 and 18 are provided in
Table 6. Experimental results for the polyethylene with
0-4.75% 1-hexene incorporated in the backbone are also
shown in Figure 7. For temperatures above the melting
point, elastic effects are absent and the molecular-
simulation-fitted PC-SAFT predictions agree well with
experimental data. For temperatures below the melting
point, elastic effects become significant. The molecular-
simulation-fitted PC-SAFT curve without elastic effects
greatly overpredicts the experimental solubility results.
However, with the inclusion an elastic constraint, the
experimental results can be described reasonably well.
It is found that a similar elasticity effect (f ) 0.2) as
that required to describe ethylene/polyethylene mixtures
provides an accurate representation of these systems.
In addition, experimental results suggest that the effect
of short-chain branching on 1-hexene solubility is
negligible, consistent with our simulation observations.
The reader is referred to experimental results at more
operating conditions in the work of Novak et al.22 for
further information on this point.

5.4. Ethylene/1-Hexene Cosorption in LLDPE.
Figure 9 shows our simulated solubility results for
ternary mixtures of ethylene, 1-hexene, and polyethyl-
ene modeled as linear C1000 at 10 and 20 bar and
temperatures from 70 to 200 °C. PC-SAFT fitted
results are also shown in the Figure. For the ternary
mixtures, the gas-phase composition is 95 mol % eth-
ylene/5 mol % 1-hexene. Ethylene, 1-hexene, and total
gas solubility results are shown in the Figure, along
with results for binary mixtures (shown for comparison).

The corresponding ternary mixture densities are shown
in Figure 10. It is observed that ethylene solubility is
enhanced by the addition of 1-hexene to the gas phase.
This is consistent with previous observations.21 The
addition of 1-hexene causes the amorphous polymer
phase to be significantly more swollen than in the
binary ethylene/amorphous polyethylene case (see the
mixture densities shown in Figures 4 and 10). The PC-
SAFT predicted swelling is large at lower temperatures
due to the tendency of PC-SAFT to overpredict the
solubility of 1-hexene in polyethylene at lower temper-
atures. It is also observed that 1-hexene solubility
decreases with the addition of ethylene to the gas phase.
Contrary to 1-hexene, ethylene does not swell polyeth-
ylene to a large extent, and therefore ethylene molecules
tend to occupy the space that 1-hexene would normally
occupy in a binary mixture, leading to a decrease in
1-hexene solubility with the inclusion of ethylene. The
overall gas solubility in polyethylene is also reported
in Figure 9. It is observed that the overall gas solubility
decreases below the amount corresponding to the sum
of the binary solubility results. When the ternary and
binary mixtures are compared, it is seen that the
decrease in 1-hexene solubility is greater in magnitude
than the increase in ethylene solubility. Overall, PC-
SAFT with fitted interaction parameters predicts the

Figure 7. Simulated amorphous polymer phase density for
1-hexene/polyethylene mixtures for various polyethylene mod-
els: (2 and 9) simulated results for polyethylene modeled as
linear C1000 at 0.5 and 1 bar, respectively; (4 and 0) simulated
results for polyethylene modeled as branched C1100 at 0.5 and
1, respectively. The solid curves (s) are the PC-SAFT predic-
tions for the 1-hexene/linear C1000 mixtures. The dashed curve
(- - -) is the PC-SAFT prediction for pure linear C1000 at 1 bar.

Figure 8. Elastic effect on 1-hexene solubility in linear C1000
at 0.5 and 1 bar. The solid curves (s) are PC-SAFT results
with no elastic effect, i.e., f ) 0.0 (PC-SAFT fitted to
simulation results). The dotted (‚‚‚), dash-dotted (-‚-), and
dashed (- -) curves are PC-SAFT results corrected for elastic
constraints with f ) 0.1, f ) 0.2, and f ) 0.3, respectively. b,
9, and 2 are experimental 1-hexene solubility results in
ethylene-1-hexene copolymers of 100, 96.12, and 95.25 mol %
ethylene incorporated in the polyolefin (PE000, PE388, and
PE475 from Table 6), respectively from Novak et al.22
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same qualitative and quantitative behavior as the
simulations. High-temperature results are in good
agreement with simulation results, whereas the lower
temperature predictions tend to overpredict the mono-
mer solubilities, as is the case with the 1-hexene/
polyethylene mixtures.

Figure 11 shows the effect of elastic constraints on
ternary mixture solubilities in PE for 10 and 20 bar.
The same values as for binary mixtures are used for
the partial molar volumes, polyethylene crystallite heat
of fusion, and polyethylene melting point in eqs 17 and
18 to calculate the elastic contribution. Ethylene, 1-hex-
ene, and total gas solubility results are shown in Figure
11. The results for binary mixtures are included for
comparison. Experimental total solubility data for poly-
ethylene with 0-4.75% 1-hexene incorporated in the
polymer are also shown in Figure 11. For temperatures
above the melting point, elastic effects are absent, and
the molecular simulation fitted PC-SAFT curve agrees
well with experimental data for overall solubility. For
temperatures below the melting point, elastic effects
become significant. The molecular simulation fitted PC-
SAFT curve without elastic terms overpredicts the
experimental overall solubility results. The inclusion of
an elastic constraint improves agreement with overall
solubility measurements. A similar elasticity effect (f
) 0.2) as that used for the binary ethylene and 1-hexene
solubility gives a good representation of the ternary
system’s behavior. The experimental data indicate that
short-chain branching does not influence the overall
solubility, consistent with our binary mixture results.

It has previously been noted15,16,18 that including
1-hexene in the ethylene gas phase leads to an enhance-
ment in the polymerization reaction rate in olefin
polymerization reactorssthe so-called “comonomer ef-
fect” (results vary from no enhancement to up to a 4-fold
increase of the polymerization rate, depending on the
reactor conditions and type of catalyst). The origins of
this effect are not completely understood. Some of the
hypotheses put forward to explain this observation
include the following: (1) 1-hexene changes the chemical
nature of the catalyst as to enhance the polymerization
reaction rate, (2) the enhanced swelling with the inclu-
sion of 1-hexene increases the monomer diffusivity,
thereby enhancing the apparent reaction rate, and (3)

Figure 9. Simulated gas solubilities in polyethylene modeled
as linear C1000 in ternary mixtures of ethylene/1-hexene/linear
C1000. The gas-phase composition is specified at 95 mol %
ethylene/5 mol % 1-hexene for all conditions. 2 and 9 are
simulated results for solubilities in the ternary mixture at total
pressures of 10 and 20 bar, respectively. 4 and 0 are simulated
results for solubilities in binary monomer/polymer mixtures.
The binary mixture overall solubiliry results are the sum of
binary ethylene and 1-hexene solubilities at the ternary
mixture conditions. The solid curves (s) are the PC-SAFT
predictions for solubilities in the ternary mixture. The dotted
curves (‚‚‚) are the PC-SAFT predictions for solubilities in the
binary monomer/polymer mixtures. The binary mixture overall
solubility PC-SAFT predictions are the sum of binary ethylene
and 1-hexene solubilities at the ternary mixture conditions.

Figure 10. Simulated amorphous polymer phase density for
the ethylene/1-hexene/linear C1000 mixture. The gas-phase
composition is specified at 95 mol % ethylene/5 mol % 1-hexene
for all conditions. 2 and 9 are simulated results at total
pressures of 10 and 20 bar, respectively. The solid curves (s)
are PC-SAFT predictions for the ternary mixtures. The
dashed curve (- -) is the PC-SAFT prediction for pure linear
C1000 at 1 bar.
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1-hexene increases the solubility of ethylene in the
polymer, thereby enhancing the reaction rate. Our
predictions indicate that ethylene solubility is indeed
enhanced by as much as 7-10% due to the presence of
1-hexene at typical polymerization reactor temperatures
of 70-100 °C, with f ) 0.2 for elastic constraints. This
solubility effect alone would account for about a 7-10%
increase in the apparent polymerization rate as a result
of adding 1-hexene to the gas phase. While this solubil-
ity enhancement effect does not completely explain the
enhancement in polymerization rate, it clearly substan-
tiates one of the factors contributing to the observed
polymerization rate enhancement. It is also noted here
that, in some situations, enhanced rates of diffusion may
also be an important contributing factor since the
ternary mixture swells much more than the binary
ethylene/polyethylene mixture.

6. Conclusions

It has been shown in this work that the recently
proposed osmotic-ensemble hyperparallel tempering
molecular simulation technique1 provides an effective
method for parametrization of an equation of state
appropriate for polymeric systems. Specifically, the
method has been used to parametrize the PC-SAFT
equation of state without the use of a priori experimen-
tal results. The resulting parametrization is capable of
describing simulation results for properties other than
those for which the fitting procedure is performed. For
ethylene/polyethylene mixtures, the fitted PC-SAFT
model agrees well with solubility and amorphous poly-
mer phase density simulation results. For 1-hexene/
polyethylene and ternary ethylene/1-hexene/polyethyl-
ene mixtures, the fitted PC-SAFT model agrees well
with simulation results at higher temperatures but is
seen to overpredict solubilities at lower temperatures
(below 100 °C); the equation of state exhibits a tendency
to overpredict polymer swelling in these cases.

From simulations of different ethylene and 1-hexene
copolymers, it has been observed that short-chain
branching has no effect on monomer solubilities for
typical LLDPE conditions. This confirms results of
earlier calculations,1 and it is now verified by experi-
mental results.22

Upon comparing predictions for binary and ternary
mixtures, it is observed that the inclusion of 1-hexene
gas enhances the ethylene solubility in polyethylene.
The inclusion of ethylene gas, however, decreases the
1-hexene solubility, leading to an overall decrease in gas
solubility with respect to that predicted by summing
results for the two binary systems. Therefore, while
chain architecture (short-chain branching) does not
enhance solubility, the presence of 1-hexene in the gas
phase increases the solubility of ethylene in the polymer.
We propose that this ethylene solubility enhancement
contributes to the polymerization reaction rate increase
that is observed when 1-hexene is used as a comono-
mer.15,16,18 Experimental data validate our prediction
that the overall solubility slightly decreases in the
ternary mixture. These data, however, hide the facts
revealed by simulationssthat ethylene solubility is
enhanced.

Elastic constraints are seen to play an important role
for temperatures below the polymer melting tempera-
ture. As shown in this work, the simulation fitted PC-
SAFT model accurately predicts solubilities for temper-
atures above the melting point. Below the melting point,
a modified PC-SAFT model is also able to describe
experimental data. Our findings suggest that the elastic
constraint parameter introduced to quantify the effect
of semicrystallinity on solubility is not strongly depend-
ent on the particular solvents dissolved in the given
nascent polyethylene. For this approach to be fully
predictive, a priori knowledge is required for the fraction
of “elastically affected” chains. It is believed that this
information could be obtained by following the experi-
mental approach of studying “constrained interphases”
in semicrystalline polyethylene.12-14
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