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Calculation of Phase Equilibria
for Ethylene/Low-Density

Polyethylene Mixtures

We have used recent ethylene/low-density polyethylene gas sorption
data to calculate phase equilibria for ethylene/polyethylene mixtures from

STEPHEN C. HARMONY
DAVID C. BONNER

0 to 30.3 MN/m? (0 to 300 atm), the pressure range normally used in the and

flash separation step in low-density polyethylene manufacture. The compu-
tations show significant differences from results obtained by extrapolation
of the results of a previous study to the relatively low pressure range con-

sidered here.

HUBERT R. HEICHELHEIM

Chemical Engineering Dept.
Texas Tech University
Lubbock, Texas 79409

SCOPE

The purpose of our study of ethylene/low-density poly-
ethylene phase equilibrium was to calculate phase equi-
librium between ethylene and polyethylene using cor-
responding states analysis applicable to low-density gases
as well as to dense liquids and gases. Our emphasis is
primarily on the pressure range in which ethylene is
removed from polyethylene in industrial production after

the reaction to produce polyethylene. Estimates of ethy-
lene/low-density polyethylene phase equilibria have been
published previously. However, the present analysis uses
an improved statistical mechanical model of gas/polymer
equilibrium. The parameters used in the model are ob-
tained from recently published ethylene/polyethylene
phase equilibrium data,

CONCLUSION AND SIGNIFICANCE

We have used an improved model for phase equilibria
in gas/polymer solutions to calculate phase equilibria
for ethylene/low-density polyethylene mixtures, taking
into account polymer molecular weight distribution. The
calculations indicated differences in phase compositions

~ Correspondence concerning this paper should be addressed to David
C. Bonner, Chemical Engineering Department, Texas A&M University,
College Station, Texas 77843.
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at less than 30.3 MN/m? (300 atm) from those of a pre-
vious study of such a magnitude that design of the flash
separation and ethylene recycle steps in a low-density
polyethylene process could be affected. Further, the new
model predicts ethylene partial pressures in polyethylene
solutions well at low pressures characteristics of devola-
tilization conditions in low-density polyethylene manu-
facture.
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Low-density polyethylene is manufactured at tem-
peratures as great as 533°K and pressures as great as 303
MN/m? (3000 atm). The mixture leaving the reactor,
which typically contains 20 wt % polyethylene, is de-
compressed to approximately 5.05 MN/m2 (50 atm) to
separate the unreacted ethylene from the polyethylene.
At sufficiently low pressures, the mixture forms two
phases, one primarily ethylene and the other primarily
polyethylene. In the manufacturing process, the ethylene
phase is purified to remove the low, molecular weight
polyethylene waxes and oils, compressed and recycled
into the reactor.

Significant energy savings could be realized if the
separation step were accomplished at a higher pressure,
reducing the energy needed to recompress the recycled
ethylene. At the higher pressures, however, a significant
amount of polyethylene will be present in the ethylene
rich phase, and a significant amount of ethylene will be
present in the polyethylene rich phase. For the rational
design of energy saving separation processes, the design
engineer must be able to predict the effects of pressure
and temperature on the compositions of the two equi-
librium phases.

In this work, we use a recently developed free volume
theory of polymer solutions (Cheng and Bonner, 1977b)
and the computational algorithm of Bonner et al. (1974)
to calculate phase equilibrium for ethylene/low-density
polyethylene mixtures at pressures to 20.2 MN/m?. Such
a computation was previously not reliably possible at
pressures below approximately 30.3 MN/m?2. The poly-
mer solution model used by Bonner et al. (1974) is
applicable only to mixtures of dense fluids and should
not be used for ethylene/polyethylene mixtures at pres-
sures less than 30.3 MN/m2,

POLYMER SOLUTION THEORY

The first qualitatively correct theory of polymer solu-
tions was proposed independently in 1941 by Huggins
(1941) and Flory (1941). The Flory-Huggins theory
considers a polymer molecule as a chain of r roughly
spherical segments. By considering the number of ways
the polymer segments and solvent molecules can be
arranged in a three-dimensional lattice, the entropy of
athermal mixing, also called the combinatory entropy
of mixing, is derived:

AScomp = —-k(Nl In®; + N, In (132) (1)

In this and all following expressions, the subscript 1
refers to solvent, and the subscript 2 refers to polymer.

The Flory-Huggins theory is extended to nonathermal
mixtures by adding an empirical van Laar enthalpy of
mixing to —TAScomp to obtain the Gibbs energy of mix-
ing, Subsequent differentiation of the expression for Gibbs
energy of mixing gives the chemical potential of the
solvent:

(p1 = w1°)/RT = In(®y) + (1 — 1/r) @3 + x®p? ®)
2

In the original development of the Flory-Huggins theory,
x was assumed to be independent of concentration and
proportional to 1/T.

The Flory-Huggins theory gives only a semiquantitative
representation of the thermodynamic activity of polymer
solutions. When x is calculated from activity data, it is
found in many cases to vary with concentration (Bonner
and Prausnitz, 1973). The parameter x often does not
vary with 1/T as proposed by the van Laar model.
Since the Flory-Huggins theory is based on the rigid
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lattice model, it gives no equation of state for the mixture.

A more exact representation of the properties of poly-
mer solutions is given by the free volume or corresponding
states theory of Prigogine (1957) and Flory (1965).
Prigogine and co-workers viewed a polymer molecule
as a chain of 7 segments, each having 3c external degrees
of freedom. In the free volume approach, a suitable
partition function is formulated for the mixture based
on the Flory-Huggins combinatory factor and a reason-
able representation for the intermolecular potential (Flory,
1965). According to statistical mechanics, the equation
of state and other thermodynamic properties can be de-
rived from a partition function. Of particular interest
here are the equation of state

p(T, V) = kT( a(l;;z )T‘N (3)

and the chemical potential

po— [(‘Ban)
kT N,

T,V.N;
o4
Hm olnZ
VYL N
aNi T,V.Nj
P

The partition function proposed by Flory for polymer
solutions is

Z = Zeomp{(W* ) Nre( PRV 1)38nre exp(Nrc/:E‘ )
(5)

Differentiation of Equation (5) yields a reduced equa-
tion of state:

T 1 ©)
T Sw-1 LT

The characteristic parameters p®, »*, and T* are related
by (Flory, 1965)

p*v® = ckT® (7)

Equations (5), (6), and (7) are formally the same for
pure components and mixtures, When Equations (5),
(6), and (7) are used for mixtures, p®, »*, T®, ¢, N. and r
are mixture properties which can be calculated from the
pure component properties, as will be shown below.

In the derivation of the corresponding states theory
of Prigogine and Flory, consideration was limited to
dense, liquid phases. Cheng (1977b) has formulated
a new partition function for pure components and mix-
tures which overcomes this limitation. The distinguishing
feature of the new partition function is based on a con-
cept introduced by Beret and Prausnitz (1978). The
contributions of the rotational, vibrational, and electronic
modes of motion to the partition function vanish at the
low-density limit. The partition function proposed by
Cheng (1977b) is

Z = Zcomb()\v“)N’C(‘:l/li —_ 1)3Ncr

1 \NGre=1 ~
(——) exp(Nrc/vT ) (8)

—

1 4

From Equation (8) one obtains a reduced equation of
state
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TABLE 1. Pure CoMPONENT CHARACTERISTIC PARAMETERS

Specific hard core Characteristic Characteristic Temperature
volume, v*4p/ temperature, pressure, and pressure
Species kg/m? x 10-3 T*/°K p*/MNm~3 range used
Low-density polyethylene® 1.02 6730 414.0 393°-573°K
1.01-14.1 MN/m?2
Ethylenet 1.30 1708 391.5 366°-533°K
0.101-14.1 MN/m?2
¢ Data source: Beret and Prausnitz (1975a).
{ Determined by Cheng from data of Benzler and Koch (1953).
~~ 1 1
pv =_1__+ 1 _ 1 (9) + — - (14)
T rc (v18—-1) :5" (v —1) vT

where p, v, and T are defined as in Equation (6). The
relationship between the characteristic parameters p®,
v*, and T* is given by Equation (7). For a pure com-
ponent, Equation (9) can be rewritten using Equation
(7) and the definition of vg,%:

RT* 1
AR + - (o

T pP*Mug® ( ys 1) »T
Equation (10) reduces to the ideal gas equation of state
pMug,/RT = 1 at the low-density limit, making it equally
applicable for dense and dilute phases.

Binary Mixtures

Following the development of Flory (1965), Cheng
(1977b) formulated a one-fluid, corresponding states
theory for binary mixtures of gas and liquid polymers.
The partition function remains the same as Equation (8),
with N, r, and ¢ defined as follows:

N=N;+ N,
1 ¥ W,
—=t 2 (11)
r 21 Ty

¢ = ¥, + Y02

The equation of state remains formally the same as Equa-
tion (9). Following Flory (1965), the characteristic
parameters for the mixture are

P"‘ = ‘1’101})1‘ + Wobps* -}-’2(\111\1/20102)1/2},12&

P
T = 12
¥ip°/T1* + ¥opg®/To® (12)

vb =V1' — mﬁ

The parameter p;»® accounts for the intermolecular po-
tential of binary interactions. Not that the assumption
»1® = 1" is nonrestrictive, since the size of each seg-
ment may be arbitrarily chosen. Owing to this assump-

tion, the segment ratio r1/ry is given by

r Miv1,*
L e “"° (13)
T2 Myvosp

One must arbitrarily fix either r; or ry to determine the
other. We have set r; equal to unity.

If we use Equations (7) and (13), Equation (9) for
the mixture becomes

_ RT® v + v, )

pa Mlvlsp*

m['S{

Myvesp°
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The reduced volume of the mixture can be obtained
from the equation of state. A good first approximation is

V= ‘1’1:1 + ‘1'2:2 (15)

Chemical Potential

From Equations (4) and (8), the chemical potential
of the solvent is given by
o)

— 0 -ln
7= ¥+ (1 —r/12)%

+ v o1 [3 P°; ln(?1/s—1)+£(:4/3_;;4/3)
T* v13 -1 T

l -] o -] & L3 -
+.._(f _Nﬁf__).l_f.l_.__p_._].*_(w_l)
T v 2/3 v12/3 Tla Ta leﬁ
7 oo . rv® [X12022
e 1 — — (p 18 — 1) 4 343 f —— —
v r kT v
1 1 (-4 8
—P!"(—:—':')prf——f:-] (16)
v " vy v

where X12 = pla + (81/82)p2° - 2(31/82)1/2}912’. A
similar expression, given below, can be derived for the
polymer chemical potential. Note that the term v *ri/k
can be replaced by v15,°M,/R in Equation (16).

Determination of Characteristic Parameters

The pure component characteristic parameters can be
determined from experimental pressure-volume-tempera-
ture (PVT) properties by determining the best fit for
the coefficient of thermal expansion «, (1/V) (8V/0T)y,
the thermal pressure coefficient v, (9P/8T)v, and the
temperature 7". The characteristic parameters are assumed
to be constant over the range of pressures and tempera-
tures used in their determination. The details of the
procedure for determining pure component characteristics
parameters are given in the Appendix.-Low-density poly-
ethylene parameters p*, vg®, and T* were determined
using the data of Beret and Prausnitz (1975). The de-
rived characteristic parameters are shown in Table I.
Cheng (1977b) determined the characteristic parameters
for ethylene based on the data of Benzler and von Koch
(1955).

The fit of experimental PVT data for low-density poly-
ethylene is extremely good and is certainly within the
precision of the data. Typical comparisons of theory with

AIChE Journal (Vol. 23, No. 5)
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Fig. 3. Thermal pressure coefficient vs. temperature for low-density
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polyethylene data are shown in Figures 1 to 3. The
experimental fit of ethylene volume as a function of
pressure and temperature (portrayed in Figure 4 as a
plot calculated temperature vs, actual temperatwre at
two pressures) is not extremely good, as is typical of an
equation of state with a van der Waals potential. The
fit of thermal expansion coefficient (Figure 5) and ther-
mal pressure coeflicient (Figure 6) for ethylene is quite
ood.

¢ The correlation in Figure 4 could be improved by
utilizing a different form for the intermolecular potential
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Fig. 5. Thermal expansion coefficient vs. temperature for ethylene.
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at the expense of greatly increased complexity and, as
will be seen later, with little increase in the accuracy
of the phase equilibrium predictions. The phase equilih-
rium predictions with our model are already quite good.

The reason that the model works well for gas/polymer
solutions using a simple van der Waals potential is prob-
ably that ethylene partial molar volumes in molten poly-
ethylene are of the same order of magnitude as those of
liquids (Maloney and Prausnitz, 1976). Van der Waals
potentials work well in density ranges typical of liquids
(Flory, 1963).
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Fig. 6. Thermal pressure coefficient vs. temperature for ethylene.
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The binary interaction parameter pi* can be deter-
mined from polymer solvent, phase equilibrium data using
Equation (16) for the ethylene chemical potential. The
procedure is presented in the Appendix. The parameter
p12* was determined for the ethylene/low-density poly-
ethylene system over the range 399° to 428°K and 0.402
to 7.07 MN/m? (4 to 70 atm) using the ethylene sorption
data of Cheng and Bonner (1977a). The best fit of the
data was obtained using a value for p;;* of 5784 MN/m?
(5727 atm).

Equilibrium Equations

When phases o and B, containing ethylene and n
species of low-density polyethylene, are at the same
temperature and pressure, phase equilibrium can be
determined by solving the n + 1 equations

% = P
#21% = pggP
po® = paiP
Hon® = ."'2nB

(17)

where the superscripts refer to the « and B8 phases, and
the second subscript refers to a polymer with a particular
molecular weight. Equations (17) can be rewritten by
subtracting the pure component chemical potential (y;°)
from each side, resulting in

(k1= p10)® = (pr — a®)® (18a)
(b1 = p21°)% = (a1 — pas®) 8 (18b)
(ot — pai®)® = (p2i — poi®)® (18¢)
(bon — pn®)® = (pon — pon)® (184)

Equation (16) can be used for the ethylene chemical
potential if the second term is modified to read [1 —
(r1/(r9)n) 1¥s, where (r5), is the number-average poly-
mer chain length in the phase being considered. The
equation for the chemical potential of polymer species i
of molecular weight M; is

Boi — paid N 7o Ty
ST U W
kT " 2 1 (r2)n

v * 7o [ p2* (:21/3 -1 > P -
+ 3 n 4 — (v /3 — 43)

~

k T,* p13 -1 T
CL(Z Pty p p (e
T 23 po?/3 T,* T*® kT,*
v T - rowy® [ X5,6,2
In——~1—— (»1/8 ~ 1) + 58 4 —
vy r kT v
1 1 ¢ °
~p° (:“:‘) + 2 —B:] (19)
v vy Vs v

where Xo; = po® + (so/s1)p1® — 2(s2/51)1%p1o®, ¥y
is the segment fraction of polymer species 4, ry; is the

n
chain length of polymer species i, and ¥; = 2 Py s
i=1
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the total polymer segment fraction.

We have assumed that pp®, va5°, and Tp® are inde-
pendent of polymer chain length. Orwoll and Flory (1067)
show that this is a good assumption, provided that the
polymer chain length is large. We also assume that
$/8y = 1. Estimates of s,/s, based on lattice models and
van der Waals radii vary from 0.7 to 1.4; therefore, the
value s;/s; = 1 provides a reasonable estimate (Bonner
et al., 1974).

RESULTS

The computational algorithm of Bonner et al. (1974)
was used with the Cheng free volume theory to predict
phase equilibria for the ethylene/low-density polyethylene

TaBLE 2. Prase EQuiLIBRIUM AT DesicN CONDITIONS

—ﬁm A.Tm

Tempera-  Pressure, light  heavy
ture, °K MNm~2 (atm) A B phase  phase
413 7.07 (70) 0.00412 1.16 50 13 259
413 152 (150) 0.00403 3.04 51 13 254
413 202 (200) 0.00448 4.35 55 13 258
473 7.07 (70) 0.00834 0.618 72 13319
473 15.2 (150) 0.00752 171 70 13 304
473 20.2 (200) 0.0104 2.37 83 13 334

(20 wt % overall polymer concentration)
A—Weight percent of total polyethylene retained in light phase,
B-Weight percent of total ethylene retained in heavy phase.

TabLEe 3. CompARIsON oF ResuLts oF THIs STuDY WITH
REsuLTs OF BONNER ET AL. AT 20.2 MN/m?2 (200 atm)

Bonner
etal.
This study (1974)
Wt % of total polyethylene retained
in light phase 0.0166 0.01
Wt % of total ethylene retained in
heavy phase 0.936 1.10
M, light phase 102 110
Mp, heavy phase 13 400 13350
(Temperature = 333°K; 12.5 wt % overall polymer concentration).

TasLE 4. CoMpaRIsON OF THE CALCULATED ResuLTs oF THis
Stupy wWiTH THE DATA OF CHENG AND BONNER (1977a)

Wt % ethylene in

Pressure, heavy phase
Temp, °K MNm~2 (atm) This study Cheng
399 1.13(11.2) 0.56 0.55
399 2.16 (21.4) 1.23 1.36
399 3.88 (38.4) 2.53 2.42
399 5.25 (52.0) 3.66 3.30
428 11.3 (11.2) 0.39 0.39
428 21.6 (21.4) 0.85 0.90
428 38.8 (384) 1.77 1.78
428 52,5 (52.0) 2.59 2.65
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system. The molecular weight distribution used was the
same as used by Bonner et al. (1974). To illustrate the
use of the algorithm for design calculations, equilibrium
phase compositions were determined for a system with
an overall polymer concentration of 20 wt% at 413° and
473°K and 7.07, 15.2, and 20.2 MN/m2, The results of
these calculations appear in Table 2. Equilibrium calcu-
lations were also pertormed at 533°K and 20.2 MN/m?,
with 12.5% overall polymer concentration for comparison
with the results of Bonner et al. (1974). These results
and the results of Bonner et al. appear in Table 3. A
final set of equilibrium calculations was made at 399°
and 428°K; 1.13, 2.16, 3.88, and 5.25 MN/m?; and 20%
overall polymer concentration for comparison with the
data of Cheng (1977b). These results appear in Table 4.

The results shown in Table 2 illustrate the equilibrium
results which can be expected when an industrial decom-
pression chamber is operated at various temperatures and
pressures. At 7.07 MN/m?, a pressure near that used
industrially, the light phase is essentially polyethylene
free, and the heavy phase contains only a small amount
of the ethylene. The number average molecular weight
in the heavy phase is nearly the original value. As the
pressure is increased to 15.2 and 20.2 MN/m?, the amount
of polymer in the light phase remains nearly constant,
while the amount of ethylene in the heavy phase in-
creases significantly. The molecular weight distribution
remains essentially unchanged in both phases.

The results listed in Table 3 show two significant
differences between the 1974 resulis and the present
results at 20.2 MN/m? and 533°K. First, the amount of
polyethylene predicted by the 1974 study to dissolve in
ethylene is underestimated by more than 60%. This has
serious implications for design of the process step in
which low molecular weight polyethylene must be re-
moved from recycled ethylene.

Second, the 1974 results overestimate the amount of
ethylene dissolved in polyethylene at flash separation
pressure by nearly 189%. Thus, if one were to use the
1974 computations at low pressures, for which they are
not intended, the amount of ethylene that the design
would show must be removed from polyethylene (for
reasons of air pollution) would be overestimated,

As shown in Table 4, the computations presented here
also can be used to predict ethylene solubility in poly-
ethylene with good precision.

The ethylene sorption data of Cheng (1977a) were
used in conjunction with Equation (16) to determine
the one binary interaction parameter p;*. Over the
temperature range 399° to 428°K, the parameter p;,*
is not a function of temperature. This indicates that py,*
reported here can probably be used reliably to tem-
peratures of at least 473°K and perhaps higher.

The computations presented here are certainly more
reliable for phase equilibrium computations at pressures
less than 30.3 MN/m? than those of the model used
by Bonner et al. (1974).

The data used to determine the parameters required
for the computations presented here are limited to 14.1
MN/m?, Although polyethylene PVT data used to de-
termine characteristic parameters are relatively insensi-
tive to pressure at less than 50.5 MN/m?, ethylene spe-
cific volume changes behavior markedly at approximately
30.3 MN/m? We therefore recommend 30.3 MN/m?
as the maximum pressure for the use of our ethylene
characteristic parameters. The 1974 model is not applic-
able to gases at low densities, and the interaction param-
eter was determined from high pressure cloud point

AIChE Journal (Vol. 23, No. 5)

data, so that computations at 30.3 MN/m? or less rep-
resent an unwarranted use of the 1974 model.

CONCLUSION

A new model of polymer solutions can be used, to-
gether with a mass balance, to calculate phase equilibria
for ethylene/low-density polyethylene mixtures at the
pressures and temperatures used in the separation step
of the high pressure manufacturing process. The calcu-
lations consider the molecular weight distribution of the
polymer. With the data considered in this study, accurate
results can be obtained from 399° to 473°K and 0 to 7.07
MN/m? Use of the parameters derived in this study is
not recommended above 30.3 MN/m2, although the pa-
rameters can probably be used reliably to 30.3 MN/m?.
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NOTATION

one third the number of external degrees of
freedom per molecular segment

[+
Il

k — Boltzmann’s constant

m = mass

M; = molecular weight of species i

n; = number of moies of species i

N; = number of molecules of species i

N = 3N; = total number of molecules

p = pressure

p* = characteristic pressure of mixture, defined in
Equation (12)

p; = characteristic pressure of species i

p1e® = characteristic interaction pressure

p = reduced pressure = p/p*

r = number of segments per molecule

R = gas constant

s; = number of contact sites per segment of species i

AScomp = entropy change on athermal mixing

T = absolute temperature

T = reduced temperature, T/T*

T* = characteristic temperature of the mixture, de-
fined in Equation (12)

T:* = characteristic temperature of species i

V = total volume of system

U;sp® = hard core volume per gram of species i

w; = weight fraction of i

Xiz = Flory binary interaction parameter, defined fol-

lowing Equation (16)
YA = counfigurational, canonical partition function
= configurational, canonical partition function df
athermal mixing

Greek Letters
= 1/V (8V/oT),

o —

v = (8P/9T),

0, = site fraction of species i in solution = &N/
ESiTiZVi

by = geometrical packing factor

pi = chemical potential of species ¢ in solution

v = volume per segment

»* = hard core volume per segment

v = v/v* = U5/tsp" = reduced volume

®; = volume fraction of species i
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reference value
characteristic value

X = Flory-Huggins interaction parameter
¥; = segment fraction of species
Subscripts

1 = low molecular weight species

2 = polymer

12 = binary interaction value

Superscripts

~ = reduced quantity

o, 8 = phase designations

o .

L]
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APPENDIX: THE DETERMINATION OF
CHARACTERISTIC PARAMETERS

Cheng (1977b) developed a method which can be used
to determine the pure component characteristic parameters
p*, vsp®, and T* from PVT data. The procedure requires the
use of the thermal expansion coefficient «, (1/V) (9V/8T )y,
and the thermal pressure coeflicient v, (8P/8T )v, which must
be obtained from the PVT properties.

Specific Hard Core Volume, vsp*
The thermal expansion coefficient is given by
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1 3
a=— —
T T — Muvgp — R 1/3
3—67 P+‘Y sp ( v )
~T yMogp p 18 -1

(A1)

The only unknown quantity in Equation (Al) is the specific
hard core volume vsp*, which can be determined using non-
linear least-squares regression. The procedure involves a trial-
and-error search for the value of vgp® which minimizes the
sum of the squares of the difference between the experimental
and calenlated values of « over the pressure and temperature
range of interest.

Characteristic Pressure, p*
The thermal pressure coefficient is given by

w = p*/ 2T + p/T (A2)

Using the previously determined value of vg,*, we can deter-
mine the characteristic pressure p* from Equation (A2) using
nonlinear least-squares regression.
Characteristic Temperature, T*

The following expression is given for the temperature T:

pr2+l
RTnV + 14

~
pros,®M  p18 — 1

T = T# (A3)

Using the previously determined values of vs,* and p®*, we
can determine the characteristic temperature T* from Equa-
tion (A3) using nonlinear least-squares regression.

Characteristic Parameters for Gases

An alternate procedure is used to determine the charac-
teristic parameters for gases composed of simple molecules.
The value of rc is assumed to be unity, which is equivalent
to the assumption of three external degrees of freedom. With
r¢ = 1, the equation for a becomes

1 3
@ =— (A4)
T T —p 1
+

3—6

~T p1/8 1

The specific hard core volume vsp” can be determined from
Equation (A4) using nonlinear least-squares regression.

The equation for the thermal pressure coefficient with rc
= 1 is the same as Equation (A2). The characteristic pres-
sure p* can be determined from Equation (A2) using non-
linear least-squares regression,

With the value of rc fixed at unity, the value of the char-
acteristic temperature T* is fixed by Equation (7), the re-
lationship between characteristic parameters.

Binary Interaction Parameter, p1o*

The characteristic interaction parameter pi2® is determined
from binary phase equilibrium data using Equation (16) for
the ethylene chemical potential. Nonlinear least-squares re-
gression is used to determine the value of pi2® which mini-
mizes the sum of the squares of the differences between the
calculated ethylene chemical potentials in the two phases. The
standard state value of ;9 is that of pure ethylene at mixture
temperature and pressure. The ethylene chemical potential
w19 was determined from the data of Benzler and Kich (1955).
The data of Cheng (1977a) for sorption of pure ethylene in
low-density polyethylene (for which g3 = 11%) were used to
determine segment fraction ethylene sorbed as a function of
temperature and ethylene partial pressure.
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