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Abstract

The partial molar volume/M, and the molar volume of isotactic crystalline low-molecular-weight poly(1-butene), iPBy-iave been
calculated from the measured densityiBfBu- 1 + solventif-hexanen-heptanen-nonanen-decanep-xylene, cyclohexane and chloroforjn)
systems. Some of the thermodynamic quantities were also obtained for the iPBu-1 with eight hydrocadotersgn-decanen-undecane,
n-dodecanen-tridecane o-xylene,m-xylene, p-xylene) by the method of inverse gas chromatography at various temperatures. The weight
fraction activity coefficients of the solvent at infinite dilutia@3°, and the Flory-Huggins thermodynamic interaction parametgyshbetween
polymer and solvents were determined. The partial molar free en®@y,, the partial molar heat of mixing) Hs°, at infinite dilution and
the polymer solubility parametes;, were calculated. Additionally, the (solid + liquid) binary mixtures equilibria, SLE, of iPBu-1 with
three hydrocarbons{octane n-decane andn-xylene) were studied by a dynamic method. By performing these experiments over a large
concentration range, thie-x phase diagrams of the polymer—solvent systems were constructed. The excess Gibbs energy models were used
to describe the nonideal behaviour of the liquid phase. {Pffewere determined from the solubility measurements and were predicted by
using the UNIFAC FV model.
© 2005 Elsevier B.V. All rights reserved.

Keywords: iPBu-1; Hydrocarbon; Density measurement; Inverse gas chromatography; Dynamic method; Solvent weight fraction activity coefficient at infinite
dilution; Solubility parameter

1. Introduction iPBu-1 and hydrocarbons being representative of the petrol
is very important for the improvement of physical properties
Knowledge of the solubility of solvents in polymers is of gasoline.
essential for many high-molecular-weight compound tech-  Isotactic poly(1-buteneHig. 1) is a crystalline polyolefin,
nologies. The thermodynamic information for the design of one ofthe major commodity polymers, having excellent phys-
this process is the activity coefficient and —for a high polymer ical properties for improving the properties of the polymer
quality — the activity coefficient at very low concentration of blends. The polymorphic transformatiofss-6] of isotactic
the solvent (infinite dilution) in the polymer. Moreover, these iPBu-1 increase the possible uses of this polymer. Firstly,
experimental data offer the possibility to predict the thermo- properly moulded and processed articles made from iPBu-1
dynamic properties of many polymer — solvent mixtures. show very good resistance to creep and environmental stress
The present work is a continuation of our study on the cracking[7]. Secondly, extruded iPBu-1 is generally used
application of isotactic poly(1-butene), iPBu-1, as an addi- in the manufacture of the pipes and tubes because of its
tive to gasoline or motor oilgL,2]. The interaction between  impact and corrosion resistance. Moreover, in certain cases
such as applications at low temperature iPBu-1 is preferred

* Corresponding author. Tel.: +48 22 621 31 15; fax: +48 22 628 27 41, 10 isotactic polypropylene and poly(4-methyl-1-pentene) for
E-mail addressmarta@ch.pw.edu.pl (M.K. Koztowska). the production of house furnishing, electrical apparatus or
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@l CH CH m-xylene (+99%, 108-38-3) were purchased from Prolabo.
/ : / : / : All the solvents were fractionally distilled over different dry-
©CH, CH, CH, ing reagents to mass fraction purity better than 0.998 and
\ \ \ 0.999. Liquids were stored over freshly activated molecular
@) c C sieves of type 4A (Union Carbide). The synthesis of the iso-
\£ . \i|\ 4 ™~ ,// ™. e tactic iPBu-1 has been described in a previous WafkThe
S}C\ H n/C\H /C\ H /C\ polymer characteristics are given Table 1 Chromosorf
H H H H H H H H WHP 60/80 was purchased from Supelco Park.
Fig. 1. The chemical structure of the isotactic poly(1-butene). 2.2. Density measurements
automotive parts where high impact resistance is nef&jed An Anton Paar DMA 602 vibrating-tube densitometer,
It is also found that poly-butene group compound may be thermostated & = 293.15 K was used to determine the den-
applied to waterproof telecommunication catjigls Finally, sity of pure solvents and iPBu-1/solvent systems and to
iPBu-1 can be used as a substance whichimprovesIubricatingdeterminevivl values. The densitometer’s calibration was
properties of the gasoline and the motor oils. performed at atmospheric pressure using twice distilled and

Recent industrial applications of poly(1-butene) have in- degassed water, high purity hexane and high purity cyclo-
creased the demand for physicochemical and thermodynamig,exane. The vibrating-tube temperature was measured with
data concerning this polymer. Inverse gas chromatographyan Anton Paar DM 100-30 digital thermometer and was
(IGC) has proved to be a rapid and consistent method 10 regylated to within+0.01K using a Bioblock Scientific
study polymer—solvent interactiofs0-12] It is well estab-  polyscience thermostat. The iPBu-1/solvent mixtures were
lished that weight fraction activity coefficier|ts3] and heats prepared by weighing and by degassing in Bronson Ultra-
of dilution may be derived accurately for these systems from ggnjc Cleaner 1510E-DTM: the error in mole fraction being
IGC measuremen{d4-16] estimated as less thana10~4. The results of measured den-

The main focus of this work was to determine experi- sities of pure liquids compared with literature values are listed
mentally the molar volume of iPBu-1 from density mea- , Taple 2

surements, the solvent activity coefficients at infinite dilution
using IGC and the polymer solubility parameter from the re- 2 3. |nverse gas chromatography
tention data, using the current model based on Flory-Huggins

theory[17-20] Additionally, the (solid +liquid) phase dia- Measurements were carried out using a Shimadzu GC-8A
grams, SLE, of (iPBu-1 + hydrocarbon) binary mixtures were gas chromatograph equipped with a heated on-column injec-
under investigation. tor and a flame ionisation detector. The injector and detector

temperatures were kept at 523.15 K during all experiments.
The helium flow rate was adjusted to obtain adequate reten-

2. Experimental tion times. Exit gas flow rates were measured with a soap
bubble meter. The temperature of the oven was measured
2.1. Materials with a Pt 100 probe and controlled to within 0.1K. A PC

directly recorded detector signals and corresponding chro-
n-Hexane (+99%, 110-54-3h-heptane (+99%, 142-82- matograms were obtained using Borwin 2.1 software. Sta-
5), n-octane (+99%, 111-65-9M;decane (>99%, 124-18-5), tionary phase used with packed columns were prepared by
n-undecane (99%, 1120-21-#dodecane (99%, 112-40-3),  soaking the solid support (Chromos8i/HP 60/80) in 10%
o-xylene (97%, 95-47-6), cyclohexane (>99%, 110-82-7) and iPBu-1 in cyclohexane solution. After the evaporation of cy-
chloroform (99.9%, 67-66-3) were purchased from Aldrich clohexane (under vacuum), the support was equilibrated at
Chemical Companyr-Nonane (>99%, 111-84-2)-xylene 313.15K during 5 h, then packed into stainless-steel column
(+99%, 106-42-3) and-tridecane (97%, 629-50-5) were pur-  (i.d. 2.1 mm, length 1 m). The mass of the packing mate-
chased from Fluka AG. Ethylbenzene (+99%, 100-41-4) and rial was calculated from the mass of the packed and empty

Table 1

Physical constants of iPBu-1: number average molecular weight of iPBy-ig mol~1), weight average molecular weight of iPBUWM,, (g mol1), poly-
dispersity indexM,,/M,,, degree of polymerisation, melting temperature of Form Tiys 1(11) (K) [1], solid—solid transition temperature (Form-# 1) Ty 1
(K) [1], molar volume of Form Il per unim1(11)2%8-15K (cm?® mol~1) [1], molar volume of Form Il per unit (this work)m1(11)293-15K (cm® mol—1), melting
temperature of FormTyys (1) (K) [1], molar volume of Form | per unipm(1)298-15K (cm® mol1) [1]

M, M, My/My u Thus,(11) Tura Vma(11)2 Vma(I)® Tus.1(l) Vm(1)2
18708 35102 1.88 333.43 363.55 349.60 61.41 66.02 376.83 49.13
2 At 298.15K.

b At 293.15 K. Obtained from extrapolation m}\" values to polymer mole fraction;, equal to one.
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Table 2
Densitiesp (g cmi3) of pure solvents at 293.15K
Solvent p (this work) o (reference) Solvent p (this work) p (referencé)
n-Hexane 0.65972 0.65927 Cyclohexane 0.77832 0.77858
n-Heptane 0.68333 0.68365 Ethylbenzene 0.87181 0.8672
n-Nonane 0.71772 0.71785 p-Xylene 0.86133 0.86073
n-Decane 0.72972 0.7297 Chloroform 1.48758 1.4870

2 From Ref.[22].

b From Ref[23].

¢ From Ref.[24].
d From Ref.[25].
€ From Ref.[26].
! From Ref.[27].
9 From Ref.[28].

column by using Thermogravimetric Analyzer TGA 2050 of whereVs is the molar volume of binary solutioM; and

TA Instruments and was checked during experiments. The Mz the polymer and solvent molecular weights, respectively,
injected volume of the sample vapour was @3 X1 andx» the polymer and solvent mole fractions, respec-
tively, V1 andV, the polymer and solvent molar volumes,
respectively,os and p, are the solution and solvent densi-
ties, respectively. The molar volume of iPBuv, (Table )

was obtained from extrapolation dfl"” values of (iPBu-
mined by using a dynamic method described in detail pre- 1 * hydrocarbon) systemsig. 2) to polymer mole fraction,
viously[21]. The samples (the mixtures of iPBu-1 and a sol- X.» €qual to one. It can be seen frarable 1that the density
vent) placed in a thermostated, Pyrex glass cell were heated"€asurements allowed the estimation of the polymer molar
firstly fast to dissolution and after the crystallization in the VOIUME,V1.

solvent were heated again very slowly (at less than 2K h

near the equilibrium temperature) with continuous stirring. 3.2, Inverse gas chromatography

The temperature of the crystal disappearance during the sec-

ond or third heating was detected visually and measured with  The retention data determined with inverse chromatog-
an electronic thermometer P 500 (DOSTMANN electronic raphy experiments were used to calculate the thermody-
GmbH) with probe totally immersed in the thermostating lig- namic functions of the solute dissolution in iPBu-1 as
uid. The thermometer was calibrated on the basis of ITS-90. well as Hildebrand’s solubility parameter. The probe spe-

2.4. Dynamic method

(Solid + liquid) equilibrium temperatures were deter-

The accuracy of temperature measurements $aH1K. cific retention vqume,VgO, corrected to 273.15K were
The error in the mole fraction did not excegd = 0.0005. calculated Table 3 from the standard chromatographic
relation:
. . 2
3. Results and discussion o _ RF273153[(P/Po)” — 1] @)
’ wl 2[(P/Po)* - 1]

3.1. Density measurements

The densities of pure solventSaple 9 and of the seven 40000 L * :::’;::e
mixtures of {iPBu-1 (1) + hydrocarbon (2)nthexane,n- & nonane
heptanen-nonane n-decanen-cyclohexanep-xylene and . o decane
chloroform)} have been measured over a large composition E 30000 | # cyclohexane
range at 293.15K under atmospheric pressure by using a e f';’::‘r:;m
vibrating-tube densitometry. These data were used to deter- & 5qq00 |
mine the partial molar vqumeSf,l’V', which were calculated =_
according to the following equations: =

10000 r
Mix1 + Moxo
Vs= ——— 1)
s o Lm ‘ . .

Ve = x1V1 + x2V5 ) 0,0E+00 1,0E-05 2,0E-05 3,0E-05 4,0E-05

X4

M Moxo (1 1 M1 ) . .
Vi’ = —— — |+ — 3) Fig. 2. Partial molar volume of polymer for: (iPBu-1+ solvent) systems at
X1 pPs P2 rSs 293.15K.
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Table 3

Temperaturd (K), specific retention volumgy (cm® mol—1), experimental weight fraction activity coefficient of solvent (2) at infinite dilutﬁgi’,Xp predicted
(with the UNIFAC-FV model) weight fraction activity coefficient at infinite dilutitsm;‘;red partial molar free energies of mixing at infinite dilutianG$§°

(kI mot1) and Flory-Huggins interaction coefficient at infinite dilutigey

Solvent T Vg 2 ngepr 2 red AGY x5
n-Octane 36B5 14407 3847 4803 3754 410 —0.209
36885 13839 3629 4800 3757 395 —0.280
37190 13263 3437 4796 3759 382 —0.347
37925 14252 2520 4788 3764 292 —0.688
38515 13431 2261 4782 3768 261 —-0.818
n-Decane 3685 66769 3402 3828 3465 372 —0.265
36885 62369 3202 3831 3467 357 —0.338
37190 56056 3150 3834 3468 355 —0.366
37925 55533 2397 3842 3473 276 —0.666
38515 50952 2101 3847 3476 238 —0.820
n-Undecane 3685 14130 3267 - 3368 360 —0.280
36885 13090 3081 - 3369 345 —0.350
37190 12142 2.900 - 3371 329 —0.422
37925 11136 2.306 - 3374 263 —0.678
38515 99502 2033 - 3377 227 —0.825
n-Dodecane 3685 28924 3257 - 3288 359 —0.260
36885 27088 3001 - 3289 337 —0.352
37190 24509 2858 - 3290 325 —0.413
37925 22115 2247 - 3292 255 —0.680
38515 19362 1976 - 3294 218 —-0.828
n-Tridecane 3685 61174 3575 3050 - 388 —0.149
36885 55244 3361 3057 - 372 —0.222
37190 50620 3126 3064 - 352 —0.305
37925 42848 2520 3081 - 291 —0.546
38515 36440 2189 3094 - 251 —0.708
o-Xylene 36585 30850 3423 - - 374 —0.045
36885 28695 3312 - - 367 —0.089
37190 27443 3122 - - 352 —0.159
37925 28670 2339 - - 268 —0.473
38515 27565 2007 - - 223 —0.646
m-Xylene 36585 25437 3513 6140 3656 382 —0.047
36885 24402 3303 6113 3650 366 —0.120
37190 22945 3161 6086 3644 356 —-0.175
37925 24496 2328 6024 3632 266 —0.507
38515 23126 2042 5977 3622 229 —0.658
p-Xylene 36585 24761 3507 - 3686 382 —0.055
36885 23724 3303 - 3680 366 —0.126
37190 22960 3085 - 3674 348 —0.205
37925 24047 2320 - 3661 265 —0.517
38515 23341 1982 - 3651 219 —0.695

@ Calculated from Eq(5) using IGC data.
b Calculated from Wilson’s eq. assumirg=0.

wherery, is the difference between the retention times of the Table 4

probe and that of the aiE the flow rate of the carrier gas Partial molar enthalpy at infinite dilution for hydrocarbons in iPBA-H3°

measured at room temperatufew the mass of the poly-

(kI mot1) at 365.85-385.15K

meric stationary phase aij andP, are the inlet and outlet ~ Solvent

AHS®

pressures, respectively. n-Octane

Generally,Vé) decreases with an increase of temperature in -Decane
n-Undecane

all investigated systems as expected for an exothermic S0P+, Dodecane

tion process. n-Tridecane
The weight fraction activity coefficient23°, the partial o-Xylene

molar free energyAG5° (Table 3 and the average partial ~m-Xylene

325
29.3
28.8
30.3
29.4
325
33.0
34.7

molar enthalpy,A H3° (Table 4 at infinite dilution of the ~ P-Xylene
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Table 5 Table 6
ysical constants of solvents: molar volu C mol~+), critical vol- pecitic volume of | u-b1 (M Kg™ at inlet pressure’; a) and tem-
Physical f sol I lug (cm® mol~1), critical vol Specific vol fiPBu-b1 (m3kg™1) atinl ® (P d
umeV, (cm® mol~1), critical temperaturd, (K), critical pressuré. (bar) peratureT (K)
Solvent Vim? VP TcP PP T P vy
n-Octane 163.51 492 568.9 249 365.85 0.90E+05 12197803
n-Decane 195.95 624 617.7 21.1 368.85 0.91E+05 1.222003
n-Undecane 212.67 689 639.0 19.8  371.90 0.91E+05 1.224403
n-Dodecane 228.59 754 658.2 18.0 379.25 1.19E+05 1230103
n-Tridecane 244.94 823 675.8 16.1 385.15 1.11E+05 1.23483
o-Xylene 121.20 370 630.3 36.8
m-Xylene 123.47 375 617.1 34.9 ) ) )
p-Xylene 123.90 378 612.2 347 According to Klein and Jeberig87] values ofy3] greater
a From ref.[29] at 298.15K. than 0.5 represent unfavourable polymer—solventinteractions
b From ref.[30]. while values lower than 0.5 indicate that these interactions
¢ From ref.[31]. are favourable for solvent dissolution. As is showiiable 3
¢ From ref.[32]. that parameter again indicates that alkanes and xylenes are

¢ From ref.[33]. good solvents for iPBu-1.

_ _ _ Assuming that the interaction parameter can be expressed
solvents were calculated according to the following equations in function of the solubility parameters of the solute and of

[10]: the stationary phagd88]:
27315R —PY(Boy — V. Va(82 — 81)°

.Qg" = ex 2( 22 2) (5) X= T RT 9)
V9PIM; RT

wheres; ands» are the solubility parameters, then, the solu-
AGS = RTIn23° (6) bility parameter of the stationary phase, can be calculated
by fitting x5 ands to the following equation:

aln(£2%°)
AH = R——2* 7
* = " (£-8)-(2)n 2 w0)
whereBy; is the second virial coefficient of the solute in the RT V2 RT RT

gaseous stateb the solute vapour pressure at temperature,  The interaction parametergs; extrapolated to 298.15K

T (K), V2 the molar volume of the solutdgble 3 andM as well as the solvent solubility paramete¥s, are given in
is the molecular weight of the solute. The value8gf have Table 7

been calculated using the equation proposeCbglake, If the left-hand side of Eq(10) is plotted againss., a
presented iff34]. The critical quantities used to calculate of = gyraight line having a slope ofs2RT and an intercept of
B22 are reported ifable 5 —82/RT is obtained (seEig. 3. The solubility parameter of

It has been proposed th@t® > 5 are indicative of poor  {hg stationary phasé;, was determined from both the slope
polymer—squent systems while lower values characterise gng the intercept of the straight lifié1-43]and was com-
good solubility for such a systef85]. It can be seen from  areq with value predicted by using the method of Hoftyzer
Table 3that$25° values for all systems are Iowgr than5. Thus, 4ndvan Krevelefd4] (Table §. As can be seen froffable 8
alkanes and xylenes are good solvents for iPBu-1. Accord- this method overestimates the experimental value of polymer
ing to the partial molar free energy, relatively low values of - go|ypjlity parameter, obtained from inverse gas chromatog-
AGS5® were obtainedfable 3. This results fromthe relatively raphy data. However, it should be noted that this is group

good miscibility of the hydrocarbons with investigated low-  ¢ontribution method and gives rather approximate estimates.
molecular-weight polymer. Positive values®t5° (Table 4

indicate that the interaction between the molecules of hydro- Taple 7

carbons with those of polymer is endothermic reaction. Flory-Huggins interaction coefficient at infinite dilution extrapolated to
Accordlng tothe Flory_HugglnS theory, the param%ﬁ* 298.15 KX%?.’ solubility parameter of solvent at 29815K(MP3P5
characterizes the interactions between the vapour-phase oSolvent x5 82

the solute and the polymeric stationary phase was calculated,.octane 210 15.5
(Table 3 according to the following equation: n-Decane 1.80 15.8
n-Undecane 1.71 1620
27315Rv; Boy— Vs n-Dodecane 1.78 1622
X2 =1In 050 — Pg( ) (8) n-Tridecane 1.84 1624
Vg PyV2 RT o-Xylene 2.25 18.4
] ) - m-Xylene 2.25 18.0
whereR is the gas constant ang is the specific volume  p-xylene 2.32 17.9

of the stationary phase which was estimated using the Tait a From ref,[39].
equation36] (seeTable §. b From ref.[40].
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Fig. 3. Determination of the solubility parameter of iPBu-1 at 298.15 K from
Eq.(11).

3.3. (Solid + liquid) equilibria

300
The solubility of the polymer was measured in three o X octane

hydrocarbons ri-octane,n-decane m-xylene) over a large Odecane

concentration range at 285-361 K by the dynamic method. Otridecane

These systems are showrHig. 4together with (iPBu-1 - o) +m-xylene

tridecane) binary mixture, published previoufly. The ex- 280 , i

perimental points correspond to the crystalline modification 0,00 0.01 0,02 0,03

(Form 1) of iPBu-1. The results of the solubility measure- Xq

ments are listed iffable 9in form of the equilibrium temper-

ature,T() and the mole fraction of the crystallographic Form Fig. 4. Comparison between the solubilities of iPBu-1 in four hydrocarbons

| of iPBU-1, X1. (n-octane, on-decane, on-tridecang/1], or m-xylene).

The experimental phase diagrafid. 4) of SLE inves-

tigated in this work is characterized mainly by the follow-

L . . . . Table 9

Ing. (I) the SOIUb”Ity of iPBu-1 decreases with ell,n Increase Experimental solid-liquid equilibrium temperaturds, (K) (Form 1) for

of the number of carbon atoms of the solvent; (ii) the poly- (ipy-1 (1) + hydrocarbon (2)systems

mer shows better solubility in-alkanes than inm-xylene;

(iii) differences between the solubilities of iPBu-1 in vari-

ous hydrocarbons at the measured mole fraction range ard"©¢an®

X1 Ta) X1 Ta) X1 Ta)

. 0.0000 2993 00011 3176 00035 3272
noticeable but very small. 00001 3045 00019 3188 00036 3292
0.0002 3081 00019 3184 00037 3246
3.4. Correlation of (solid + liquid) phase equilibrium 0.0003 3113 00021 3189 00045 3314
0.0006 3131 00028 3224 10000  3768?

. " . 0.0010 317 00029 323

From the equality of the fugacities of the polymer in the 5
H H . n-becane
crystalline (S) and solution (L) phases we have: 00000 3005 00013 3126 00054 335
s L 0.0003 3074 00018 3142 00078 3442
fr=xnf (11) 0.0003 3082 00023 3150 00096 3465
. . 0.0004 3083 00034 3200 00102 3478
wherex; the mole fraction of the polymer;; the activity 00005 3090 00036 3212 00143 3494
coefficient of the polymer in the solutiof® the fugacity of 0.0007 3110 0.0044 3271 0.0249 3518
the solid polymer, and- is the fugacity of the subcooled 0.0008 3114 00050 3319 10000  3768?
liquid polymer, which is used as the standard state fugacity ,, xyjene

to whichy; refers. 0.0006 3127 00056  33% 00102 3464
0.0014 3208 00057 3406 00113 3489
Table 8 0.0024 3265 00068 3420 00129 3541
Values of the iPBu-1 solubility parametgr (MPay-® at 298.15 K 0.0030 329 0.0077 3420 00165 3611
0.0033 3321 00088 3447 10000 3768

Intercept Slope  §; from intercept 81 from slope 87128 0.0040 3346 0.0094 3454

—6.429E+04  9.875 126 12.2 16.9 0.0047 337 00101 3463

a Calculated from ref{44]. @ DSC measurements].
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The solubility of a polymer 1 in a liquid showing Many combinatorial-free-volume expressions have been
solid—solid phase transition before fusion may be expressedproposed for the last 10 years for polymer solutions. The
in a very general manner by E(L2). The solubility equa- UNIFAC-FV model, was used in this work for the prediction
tion for temperatures below that of the phase transition must of the solvent weight fraction activity coefficients at infinite

include the effect of the transitioj5]. The result for the  dilution, Q;‘Bred[SZ,SS]. The solvent weight fraction activity

first-order transition is coefficients 25, , (form Wilson equation) an@3; ., were
AnsHi [ 1 1 AwHy [ 1 1 calculated and are presentedTiable 3together with other
—Inxiy1 = R <7 - Tmﬂ) R <7 - m) Qggxpvalues obtained form inverse gas chromatography and
_AfusCPl (In T + Tius1 _ 1) (12) 6
R Trus1 T S
wherexi, y1, AfusH1 [1], AwsCpr [1], Trus,1 @andT stand for 14 L
mole fraction, activity coefficient, enthalpy of fusion (100%
crystallinity), difference in polymer heat capacity between al
the solid and liquid at the melting temperature, melting tem- &
perature of the polymer (1) and equilibrium temperature, re- =
spectively. TheAyH1 (100% crystallinity)1], andTy 1 stand 1or
for the enthalpy of solid—solid transition and transition tem-
perature of the polymer, respectively. E42) is valid for 08
simple eutectic mixtures with complete immiscibility in the
solid phase. The values G%ys 1 and Ty,1 are presented in 0.6
Table 1 The values of,sCp; for two crystallographic forms 255E-03  260E-03 ~ 265E-03  270E-03  2.75E-03
(1) and (1) were calculated as a difference of solid and liquid (@) T
heat capacities at melting temperat[itk For the semicrys-
talline polymer Eqs(11)and(12)may be presented as follow 14
Me.47] T T
S S 12 +
In f—L =Inx1y1 = cu (In f—L) (13) 8
f crystunit p=
1.0 t

wherec is the degree of the crystallinity of solid semicrys-
talline polymer andu is the degree of polymerisation (see
Table ). The chemical potential of polymer and thexiny, 08 -
is proportional to the degree of polymerisatian

In this study three methods were used as the correlation
equations that describe the Gibbs excess ene@fy); the 06 : : :
Wilson [48], UNIQUAC [49] and NRTL [50] models. The 25503 = 260503 = 265505 == 270505 = 2.75E:08
exact mathematical forms of the equations have been pre- () T
sented in our previous papfrl]. Eq. 12 was used for the
correlation of the experimental points with the assumption
that the mixtures under study are simple eutectic systems. | oo
This point was confirmed in our previous work, where the 16 |
solubilities of iPBu-1 with then-alkanes were measured by
the DSC methodl]. The eutectic point for system (iPBu-
1 +n-tricosane) was describéd].

The infinite dilution activity coefficients may be also ob-
tained by extrapolating values of the correlation of the exper- 08 |
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