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Abstract

A high pressure cell for a power-compensated DSC is presented, allowing measure-
ments al pressures up to 500 MPa. With the aid of this apparatus, s-alkanes, binary
n-alkane mixtures, and two linenr polyethylenes have been investigated. The fusion
temperature and the heat of fusion have been measured for different rr-alkanes in the
pressure region between narmal! pressure and up to 500 MPa. For five cutectic and
non-culcctic binary mixturcs, the liquidus and solidus temperatures were determined. It is
possible to describc the mixing behaviour of n-alkanes with the one-parameter
approximation derived by Porter. The increcase of the Porter paramecter with pressure
implies decreasing miscibility at higher pressures. From the Porter parameter the critieal
point can be calculated. Thus, it can be scen that sr-alkanes which build mixed crystals at

normal pressurc demix at higher pressures. From these results, it can be concluded that the
same is truc for polyethylene.

INTRODUCTION

n-Alkanes have often been considered as model systems that can assist in
understanding the structure of polymers of polyethylene type. The
multi-lamellar partial crystallization behaviour of polyethylene has led
several authors (see, for example, refs. 1 and 2) to describe this material
with the help of the thermodynamics of a multi-component n-alkane
system [3]. It is well known that n-alkanes build a lameliar structure in the
solid state. The melting point, the heat of fusion and the structure correlate
well with the number of carbon atoms in the chain [4,5] and can be
calculated quantitatively from that number [6, 7). It has been shown that
the thermodynamic potential functions depend only on almost unchanged
incremental values per CH, group and on additional terms due to the end
group [8]. Thus it seems promising to try to calculate the mixing behaviour
of n-alkanes quantitatively and then to transfer the results to po]y-
ethylenes. In this way, Kilian and co-workers for example, succeeded in
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descnbmg polyethylene wax as a quasi-eutectic system in Whlch the
components are mainly chain-folded lamellae organized in spherulites and
chain-extended lamellae within and outside the spherulites, respectively

(9. -

It was found that at normal pressure the superstructure follows the same
thermodynamic rules as minor complex systems in which the components
are small molecules, e.g. #n-alkanes. The thermodynamics of mixtures would
seem a poWerfu! tool with which to describe the behaviour of these
systems. The aim of our investigations was to eomp]emenl that work by
adding another variable, namely the pressure, which is mostly held con-
stant. We first investigated the influence of its variation on the thermo-
dynamic behaviour of m-alkane mixtures and polyethylene.

Because there is no high-pressure DSC available on the market, we had
to construct one suitable for use up to a hydrostatic pressure of 500 MPa.

EXPERIMENTAL
The high-pressure DSC cell

Because our group already had several power-compensated DSCs
(Perkin-Elmer Corp.), we constructed a high-pressure cell that could be
plugged into the DSC, instead of the normal double furnace. Thus, we had
to use PT-10 resistors as both temperature probe and heater. To avoid
difficulties in compatinility, we took these resistors from the original
Perkin-Elmcr DSC furnaces. We chose silicon oil as the pressure medium
because of the very complicated and dangerous handling of high-pressure
gas installations. The disadvantages of using a liquid, namely the limited
temperature range and the larger heat conductivity, were of minor
importance, because the material being investigated was also organic. Thus
the temperature range of the high-pressure DSC cell could be limited to
300°C and there were minor difficulties with heat leaks. For the same
‘reason, the furnace could be built of aluminium (with a much better heat
conductivity than platinum) with the convection shields being made of glass
ceramics. For details of the construction (see ref. 10).

Calibration

.There are no. temperature and heat calibration materials for high-
pressure DSC. The pressure dependence of the fusion temperature of
indium has been measured [11, 12], but the results differ depending on the
assumptions- made conccrning the pressure dependence of the resistor
thermometer used. The pressure behaviour of the enthalpy of fus:on of
mdrum is not known, apart from thermodynamic valuatlons.
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Therefore, we measured both quantities using a high-pressure dilato-

meter and (for comparison) the new DSC cell [13]. The results can be
condensed into the linear equations

in(p) = 429.744 + (0.0473 = 0.0005)p
AhR(p)=28.62—(7x£13) X 10"p

with temperature 7 in kelvin, specific enthalpy A in Jg~!, pressure p in
MPa.

The fusion enthalpy is independent of pressure within the limits of
accuracy, whereas the fusion temperature changes distinctly, but to a
somewhat minor extent, as already known from the literature. With our

results, both temperature and heat calibration of the high-pressure DSC are
possible.

Sample preparation

Commercially available n-alkanes (Humphrey, Ventron and Fluka) of -
highest possible purity (95%—-99% depending on chain length ) were used
for DSC measurements and preparation of the binary mixtures of different
compositions.

The components were weighed directly into the original Perkin-Elmer
sample pans, mixed by heating above the melting points, cooled quickly to
room temperature and hermetically sealed. Care was taken to avoid
inclusion of bubbles or cavities, which can cause severe deformation and
leaking of the pans under pressure. The sample masses used were 1 to
10 mg. and the heating rates were 0.5 to 10 K min~'. Small masses and low
heating rates are preferable in order to avoid peak falsification (smeuring)
as a result of thermal relaxation processes. However, this leads to a bad
signal-to-noise ratio and thus restricts the accuracy of the evaluation. An
approximate compromise had to be found for each individual case.

The samples of high-density polyethylene (Lupolen 6011, M, = 120,000,
M./ M, =3.43; number of side CH, groups per 1000 C-atoms<1) and
polyethylene wax (PE130, M, = 4650, M./M, = 3.63; number of side CH,
groups per 1000 C-atoms < 1) were prepared in a similar manner.,

Evaluation

The high-pressure DSC experiments yielded measuring curves that are
typical -of those from common  power-compensated DSCs (Fig. 1). In
general, a baseline run (with empty pans) was recorded and subtracted
from the sampleé run. The evaluation led, as usual, to extrapolated onset
- temperatures and peak areas, from which the beginning of the transition

process and the heat of transition could be determined with the aid of the
. calibration results.



354  G.WLIHL- Héhne, K. Blankenhorn/Thermoching., Acta 238 (1994) 351-370

dQ/dt

80.0 68.0 70.0 75.0 80.0 85.0 80.0 95.0 100.0

Tempeoraturo/"C

endo
25 mwW

exo

dQ at

105.0 110.0 115.0 1200 1250 1300 1350 140.0 145.0
Tumpcraluruf”c

Fig. 1. Typicual original measured curves from high pressure DSC. Upper curve: C.,/Cay
mixture with solid solubility at 150 MPa (mass. 4.4 mg: heating rate. 10 Kmin '). Lower
curve: cutectic C,,/Coy mixture at 400 MPa {(mass, 3.75 mg: heating rate, 5 K min ')

With binary mixtures and polyethylene, the end of the temperature
region of the fusion process must also be known, because it characterizes
the liquidus curve of the phase diagiam. This temperature is not easy to
determine. The extrapolated peak end temperature is sys' .matically too
large, because of thermal relaxation processes in the DSC and also in the
sample. The magnitude of the necessary correction depends on sample
mass, heating rate and the quality of the thermal contact, and must be
determined separately in a series of experiments. Theoretical considera-
tions [14] have provided a formula for determining the true end of the
fusion process from the shape of the measured peak, i.e. at the end of the
linear part of the increasing flank of the peak. But this method only holds in
special cases (e.g. eutectic fusion) and, because of its systematic un-
certainty, yields no better results than the empirical method.

The evaluation described was usually made on heating runs. Cooling
runs w=are also carried out, but a precise evaluation is generally not possible
here, because of undefined undercooling phenomena.

'EXPERIMENTAL RESULTS
Pure n-alkanes

The transition temperatures of eight n-alkanes were ‘measured at
different pressures up to 500 MPa. The results agree with earlier measure-
ments [15-17]. Table 1 and Fig. 2 illustrate the dependence of the fusion
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TABLE 1

Pressure deLndan.e of the fusion temperatures {(in K) of dilferent n-alkanes and of the
extrapolated !'usu:m temperature of an infinite chain

Pressure/MPa Ca, Caa Cay Can Caa Cax C.a Cun T
0.1 323.8  329.5 3344 338.6 3425 3522 359.6 3724 4150
50 335.6 340.8 346.7 3514 3541  365.8 371.5 386.2 4281
100 346.4 3521 3579 3627 3653 3767 3837 3979 4405
200 367.3 3726 3780 382.5 386.1 396.7 403.2 4194 460.2
300 3848 3804 3952 400.2 4038  414.4 420.0 477.3
350 397.2 4028 4089 421.9 4294  446.1
400 401.1 42010 436.0 452.1 4914
500 416.3 436.2 467.5 5079

temperature on pressure. The measured values can be ﬁtted. with
second-order polynomials; the average curve reads
Touws = Trus(p = 0.1) + (0.2451 = 0.009)p — (1.33 £0.2) X 107p3 (D

where 7 is in K or °C and p is in MPa.

The fusion temperature of n-alkanes at normal pressure can be

calculated from the number of carbon atoms in the chain as follows (data
from ref. 4)

1
nuq

where 7T is in K and » is the number of carbon atoms.

= (16.48 = 0.01) X 107" + (2.4096 =+ 0.0015) )

Temperature /K

e c26 & c28 w c30 |
+ c38 x c44 = b0

300 400 s00
Pressure / MPPa

Fip. 2. Pressure depcndence of fusion temperatures of nr-alkanes. Points are measured
values corrected for zero heating rate: solid lines are calculated parabolic least-squares fits.
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Fig. 3. Dependence of fusion temperatures on numbers of carbon atoms. Points arc
measured values correcled for zero heating rate: solid lines are calculated least-squares fits.

In other words, the reciprocal fusion temperature depends on the
reciprocal number of carbon atoms in a linear manner. As can be seen from
Fig. 3, the same is true for larger pressures, but the slope of the straight line
in question decreases with increasing pressure. From these fit lines the
fusion temperature of the infinite n-alkane chain (see Table 1) and its
pressure dependence can be obtained by extrapolation

Trdp)=414.8 + 0.2503p — 1.348 x 107p? (3)

with 7 in K and p in MPa. This function is only slightly steeper than that of
n-alkanes with » ranging from 24 to 60 (eqn. (1)).

A figure similar to Fig. 2 can also be plotted for the solid—solid transition
(Table 2) of the lower n-alkanes. The slopes of these curves are larger. Thus
‘the distance between the transition and fusion peak (which can zasily be
resolved at low heating rates both in the normal and in the high-pressure

TABLE 2

Pressure dependence of the transition temperatures (K) and triple points of different
rn-alkanes

PrCSSUTC/MPﬂ C:_l Cw,,, C-m C_'u} C‘\’ C.'IH

0.1 - 3214 3258 330.7 334.8 338.2 349.5

25 327.5 3324 - 342.8 344.8 357.1
50 334.9 338.6 - 350.6 351.3 364.6

S T¢ T I - - - - 363.8 376.7

Triple point/MPa 70-75 120-130 ~70-80 110-120  180-190
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Fig. 4. Pressurc dependence of the total heat of transition and fusion of n-alkanes. Points
are averaged measured values; solid lines are calculated parabolic least-squares fits.

cell of the DSC, see Fig. 1) decreases with increasing pressure, and the
former ceases at the triple pcint in the region of 100-200MPa, in
accordance with the results of Koppitz and Wiirflinger [16]. _

The pressure dependence of the total heat of transition (solid—solid and
fusion) is represented in Fig. 4. There is only a slight increase of 10% up to
3200 MPa; then the heat of transition seems to decrease again. Similar results

were found by Dollhopf [17] using high pressure dllatometry, also for
shorter n-alkanes. ‘

Binary niixtures

Two cutectic n-alkane binary mixtures and three non-eutectic mixtures
have been investigated in the high-pressure DSC. The measured heat
curves (Table 3) yielded mainly phase diagrams, two examples of which,
one eutectic and one with solid miscibility, are presented in Figs. 5-8.

The determined heats of transition, within the limits of accuracy were
equal to those calculated from the pure components, corresponding to the
composition of the mixture. The pressure dependence of the transition
heats did not differ significantly from that for the pure n-alkanes.

Polyethylene

A ratiier complex fusion behaviour was found for high-density poly-
ethylene (HDPE), in agreement with the results of other authors [18, 19].
Figure 9 shows the change in shape of the fusion (and transition) peak of
HPDE with pressure. In this figure, the temperature axes for each pressure
have been shifted relative to the temperature of the infinite chain obtained
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Fig. 5. Phasc diagram of C.4/Cas mixture at normal pressurc. Points are measured values

with masses of 2.5-4.5 mpg, and hcating rates of 5-10 K min '; solid lines are calculated
values.

from eqn. (3). Thus the overlapping temperatures, are equivalent relative
to the fusion behaviour of long chain rn-alkanes. At pressures above
300 MPa the peak splits into two, where the first peak characterizes the
transition into the hexagonal phase (the so-called ‘condis phase’ {20]) and
the second represents the fusion peak. (An additional low temperature
peak also appears, see the discussion on PE wax.) In Fig. 10, the
end-of-fusion temperatures and the transition temperatures are plotted as a
function of pressure. The curve undergoes a parallel shift in the region of

410 - - 410
4054 - 405
400
v
T; 395
E
E 390
= ] ]
385- - 385
380 - 380
375 — — . . . . v 375
0.0 0.2 0.4 . 0.6 0.8 1.0

Volume fraction @

-, 6, Phase diagram of Con/ Cau mixture at 350 MPa pressurc. Points are measured values
_wnh masses of 4-5 mg and heating rate 10 X min "'; solid lmes are calculated values.
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Fig. 7. Phase diagram of C,,/C,y mixture at normal pressure Pomls (@, ) arc mcasured

values with mass of 1.5-10 mg and heating rates of 0.5-10 K min '; solid lines are calculatcd
values.

200 to 300 MPa. We assume that this is caused by the change from folded-
to extended-chain crystals with a corresponding change in fusion
temperature.

Figures 11 and 12 show similar curves for polyethylene wax. In this case
no transition into a condis phase could be found. But at increasing pressure
another small peak seems to develop on the lower temperature side of the
fusion peak. This small peak suggests phase separation phenomena

(possibly carried by molar mass induced segregatlon) rather than a
solid—solid transition as in HDPE.

420 q 420
4154 415
4104 410

= 1

g

g 40s- 405

=4

g

= 4004 400
395 395
390 T T ——— T 390

O 01 62 03 04 05 06 07 08 05 1.0

Yolume fraction @,

Fig. 8. Phase diagram of C,./C,, mixture at 400 MPa pressure Points (@, W) are measured
values with masses of 2—-5 mg and heating rate 10 K min~'; solid '~ =s are calculated values.



362 - G.W.H. Hihne, K. Blankenhrorn/Therniochim. Acta 238 (1994) 351-370
. IS[) mw

—

f/ \ 400 MPa
’___/ X 200 MPa
//‘\ 0.l MPa

T L L]
TH- 10K TR Thy + 10K
Relative temperature

Hear flow

Fig. 9. DSC endotherim curves of HDPE at different pressures {mass. 11 mg: heating rate,
1) K min"'). The temperature has been shifted for the different pressures corresponding (o
eqn. (3).

DETERMINATION OF EXCESS THERMODYNAMIC POTENTIAL FUNCTIONS
Thermodynamics gives the theoretical background for the calculation of

the liquidus and solidus curves of phase diagrams [21]. In the case of ideal
binary mixtures the formula reads

Inx;—Inxi=|] —-dT (4

5204

 Temperature / K

10¢ 200 7 300 = 400  sbo
Pressure / MPa

Fig. 10. Pressure depcndcncc of the corrected maximal fusion temperature for HDPE. At
higher pressures. there is an additional transition into hexagonal phose. The thin line marks
the fusion temperature of the infinite chain. Points are measured values.
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Fig. 11. DSC cnotherm curves of PE 130 at different pressures {(mass, 11 mg; heating rate,

10 K min '). The temperature has been shifted for the different pressures corresponding to
eqn. (3).

where 7 is 1 or 2, | is liquidus, s is solidus, x mole fraction, AH* transition

enthalpy of pure component i, T temperature, and 7; transition temperature
of pure component i.

In the case of non-ideal mixtures, we have to exchange the mole fraction
x with the activity @. The activity is expressed

a=xf

Temperature / K

200 300
Pressure / MPa

Fig. 12. Pressurc dependence of the correcled maximal fusion temperature for PE 130. The

thin line marks the fusion temperature of the infinite chain. Thc broken line marks an
additional peak. Points are measured va[ucs :
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where fis the activity coefficient. Substituting this into eqn. (4)

inGeir = nGen) = | s dT | ®

“The activit‘y coe_fﬁment can be expressed in a different manner. The
easiest is as described by Porter [22], with only one parameter. This usually
holds for non-electrolyte solutions, as is the case for n-alkane mixtures

RT Infi=A(p, T)x3
and '

RT In o= A(p, T)x} (6)

The so-called Porter parameter A is usually different for the liquid (1)
and solid (s) solutions, and also depends on pressure and temperature.
Inserting eqn. (6) into egn. (5) yields a system of two implicit coupled
equations, which must be solved to obtain the liquidus T (x') and solidus
T(x*) curves. Normally this can only be done iteratively with the aid of a
computer. In the case of #n-alkanes, eqn. (5) simplifies because the
enthalpies of transition and fusion do not depend significantly on

temperature and can, therefore, be inserted in front of the integral, yielding
the equation system

Al At AH¥F/1 1
4+ — LY 2 5Y2 — (.___)
tnx; RT(x )y —Inxi— RT(’“) R \T, T (72)
A' A" AH¥( 1 1
4 — 132 _S_.._I 832 — (___.)
In x} RT(x.) In x5 RT\x,) R\L™T (7b)

In the case of eutectic systems (with no miScibiiity in the solid phase), the
activity coefficients in the solid phase f* are equal to unity, and the third and
fourth terms of the left side of eqns. (7a) and (7b) disappear.

From thermodynamics, it follo'ws that the excess free enthalpy can be
expressed

GE=x,RT Infi +x;RT In f;
Insertmg eqn. (6) gives
= Ax X, (8)

This is a parabolic function with a maximum at x; = 0.5. The same is trus for
the other excess functions

— laT px;xz (8a)

1A
E= -rg— X1X2 (8b)
Pir
_ 8A _
HE = (A -~ l:—':i—'f' T)x,xz N | ~ (8c)
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Measurements have shown [23, 24] that the excess functions are slightly
asymmetric relative to the mole fraction, but become more symmetric if we
replace the mole fraction by the volume fraction. This is also a result of the -
principle of congruence [25]. The volumc fraction is defined as

o =T )
“onn, + rns _

w_here r; the ;sumber of volume elements in the molecule i, and », is the
number of moles in the mixture. In the case of n-alkanes, one G H,-group

has the same volume as one CH;-group; this we can calculate r, from the
number of C-atoms # in an #x-alkane

n—2
= 2 +2
Huggins [26] fins hae i fhe same idea for polymer solutions, but he takes r
as the number ui C-3towms of molecule i. The difference in the exact volume

fraction is only rclevant for smaller molecules. However, in terms of the
volume fraction, eqn. (8) reads

GE=A(p, T)p ¢ (1)

but with a different A parameter. Eqﬁations (8a)—(8c) read
correspondingly.

Using eqn. (10), the following formulae can be deduced

?GIE
RT Infi = G¥ — x, rax' =A@l + (L~ r/r)(1 — 2¢,)]
1
aGE - -
RT In f, = GF —x, pye = A1+ (1 — ro/r)(1 + 2¢)]

<

Theése equations must be inserted into eqn. (S) together with the definition
of the volume fraction ¢ and the mole fraction x, to obtain a set of
equations similar to eqns. (7) but with the other definition of the Porter
parameter A.

Thus, we have to fit the measured phase dlagrams of the binary mixtures
at different pressures by the liquidus and solidus curves calculated from this
equation system. The fit parameters are A! for the 11qu1dus and A* for the
solidus curve. The results of these calculations are shown in Table 4. The
Porter parameter is plotted in Figs. 13-15, ‘and, together with other results,
in Figs. 16 and 17. In every case the Porter parameter increases with
pressure. The calculated liquidus and solidus curves fit the measurements
rather well (see Figs. 5—8). it should be added that, for the mixtures with
solid solubility, the calculation of the pressure dependence of the A
parameters must be considered to be very appr0x1mate, because too few
measurements have been made
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TABLE 4

Pressure dependence of fit parameter A of different #-alkane mixtures
Préssurc ,’ MPa CZ_JC;H C;,.fc.\: C::.;/C:m C:.:/C,\: C-l..l.llcb"
A AI At Al A AI Autu AI /'i
0.1 2100 900 1900 —=2500 v —=3100 =200 --RON

50 2100 1000 2400 =2500 2000 -=3200 300 — 200

100) ' 2100 1000 3200 =2500 2200 -3000 700 300

150 2500 1000 3700 —2500

200 4100 1000 4100 —2500 4500 —1500 —400 1400 1200

250 4400 1300 4540 —-2500 6000 0 800

300 5700 1300 5400 —2500 1900 2100

350 6500 1300 a5D0 —2500 3500

400 . 4100 2600 2700

500 - 2900

Now the question arises: how does A depend on temperature and
pressure. By assuming that the excess enthalpy is linearly related to
pressure p and temperature 7, and the excess volume is linearly related to

temperature only, we have applied the following formulation for A(p, 7).
as derived by Herzfeld and Heitler (see ref. 21)

A=a"+IJ||p—(’1T+b]pT—alenT (11)

To determine these parameters, more information is required. First the
heat of mixing for the system C,,/C,, was measured in a mixing calorimeter
(LKB 8700) and the excess enthalpy at normal pressure and 345 K was
calculated as 17 Jmol~!' {at a volume fraction of 0.5). Then the excess

7000

| |
n
>
) J

60 -
5000 : : | .
4000 Y T

3000 ST S
2000 4"
1000 |

Al mel!

o
-1000 -
2009 J
-3000

a ) 100 ) 200 ) 300
Pressure / MPa

Fig. 13. Pressure dependence of the Porter parameters of C,./C,, mixtures. Points (3, @)
mark calculated values for the best fit of liquids and solidus curves.
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1000 = e - g T el e
¢ - 100 200 ' 3co 200
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Fig. 14. Pressure dependence of Porter parameters of Cau/Cay mixtures. Points (I, @) mark
calculated values for the best {it of liquidus and selidus curves.

volume of that mixture under the same conditions was calculated using a
formula deduced by Hollemann [27] as 0.018 cm® mol~'. Starting from these
values, we tried to fit the parameters a; and b, of eqn. (11) so that the
calculated value of A matches the measured values (Table 4). This was not

possible. Instead we had to expand eqn. (11} by adding another pressure
term

A = gy -i= b(;!) - (ll T + blpT - azT ln T -+ bzp e-xp(—p/bq) (12)
which was successful.

6000 = o= im e =
-| - A /
E - A .
4000 LA e <
—:- F
= .
Z 20004 e —"
) /‘/
0 -
2000
—  y—
0 ) 100 "~ 200 ) 300 200

Pressure / iviPa

Fig. 15. Pressure depuendence of Porter parameters of C,,/C,s mixtures. Points (H, @) mark

calculated values for the best fit of liquidus and snlidus curves; &, calculated with euntectic
formula.
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Fig. 16. Pressure dependence of Porter parameter and excess potential functions of C::/Ca,
mixture calculated with eqn. (12).

Using eqgns. {(8a)~(8c) and (10)

AHE = (a,+ byp +axT + b.p exp(—p/bi))p ¢ (12a)
AVE = (by+ b, T + by(1 — p/b;) exp{—p/b2))e: ¢ (12b)
&SE;{ai-!-{!z—bip +32!“ T)$|(P2 (IZC)

From this expansion it was possible to calculate the measured pressure
dependence of the Porter parameter using the set of parameters: a, = 1404,
a =28, a.=—4, b,=6€.24, b, =981 X107, b,=6.012, b,=200. The
curves in question can be seen in Fig. 16. The same process was applied to
the mixture C,,/C.,: the result is plotted in Fig. 17.
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Fig. 17. Pressurc dependence o
Py Jpr. 1

mixture calculated with egn. (
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Fig. 18. Pressure dependence of calculated critical temperatures of different mixtures. The
hatched arca represents the transition and fusion region of the mixtures.

Knowing the Porter parameter, the critical temperature of demixing
(and thus the binodal and the spinodal) can be calculated using the formula

[21]

T = AR/2R

The results are shown in Fig. 18. When the critical temperature reaches
the region of transition, the homogeneous phase in question becomes
unstable and may separate into two. For some solid sclutions of the
measured binary mixtures, this occurs within the investigated pressure
region. For the liquid solution, it can be extrapolated that the phase
separation cccurs at pressures above the limit of our apparatus.

CONCLUSIONS

It is possible to describe the mixing behaviour of n-alkanes with the
one-parameter approximation of Porter. The increase in the Porter
parameter with pressure implies decreasing miscibility at higher pressures.
From the Porter parameter, the critical point can be calculated. Thus it can
be seen that n-alkanes which build mixed crystals at normal pressure demix
at higher pressures. From our results, it can be concluded that the same is
true for polyethylene. High-pressure-crystallized polyethylene is in a
metastable state at normal pressure, because the crystallization takes place
in another miscibility regime, i.e. the A parameier is different.
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