JOURNAL OF APPLIED POLYMER SCIENCE VOL. 8, PP. 2963-2969 (1964)

Column Fractionation of Polymers. 1V. Large-Scale
Polyester Column Fractionation*
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JOHNSON, California Research Corporation, Richmond, California

Synopsis

A small-scale fractionation of 9 g. and a large-scale fractionation of 90 g. of a polyester
were carried out. The polymer was prepared by condensation of isophthalic acid,
maleic anhydride, and propylene glycol in the mole ratio 1:2:3. Results from the two
fractionations were in good agreement despite different fractionation conditions. By
proton magnetic resonance measurements the fractions were found to have nearly
constant chemical compositions. The Huggins’ constant and the Staudinger relation
for this polyester were determined from data on fractions in chloroform at 30°C. In-
tegral and differential molecular weight distributions as well as various molecular weight
averages for the polyester were obtained by a computer program. The fractionation
data were applied to several popular distribution correlations. The experimental dis-
tribution was found to be in good agreement with that expected from the theory of
polycondensation kinetics.

INTRODUCTION

The physical properties of a polymer of fixed chemical composition are
markedly influenced by its molecular weight and molecular weight dis-
tribution. Systematic investigations in this field started quite early, as
reviewed by Mark.2 A general correlation between number-average
molecular weight and physical properties was derived by Flory.? Re-
cently, this was again checked by McCormick et al.4 on polystyrenes. The
results deviated from the theoretical expectations. van Schooten et al.’
lately investigated the molecular weight dependence of several physical
properties on a series of polypropylene fractions. Altogether, however,
this field does not seem to have received the attention warranted by its
technological importance. The reason for this is probably the amount of
labor required in obtaining the necessary quantities of sharp fractions by
conventional precipitation fractionation. In order to overcome this
difficulty, we used the chromatographic method, proposed by Baker and
Williams, which lends itself more easily to scaling up and to automation.
This article deseribes a large-scale fractionation of 90 g. of polyester ac-
cording to this technique.

* Based on a paper presented before the Polymer Division of the 145th National
Meeting of the American Chemical Society, New York, September 1963.
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EXPERIMENTAL PROCEDURE

The polyester was obtained by condensation of isophthalic acid, maleic
anhydride, and propylene glycol in the mole ratio 1:2:3. The glycol and
the isophthalic acid reacted together at 230°C. for 7 hr. Then the charge
was cooled to 150°C., the maleic anhydride added, and the reaction con-
tinued for 12 hr. at 215°C.

The large-scale, six-parallel column, chromatographic fractionator has
already been described.” A preliminary small-scale, single-column poly-
ester fractionation showed that the system n-heptane-acetone was a suit-
able nonsolvent—solvent combination for large-scale operation. A 100-g.
portion of the polyester was coated on 1000 g. of 3 M Superbrite glass
beads, No. 130, average diameter 0.1 mm (Minnesota Mining and Manu-
facturing Company, St. Paul, Minnesota). TFor this purpose, the sample
was dissolved in 200 cc.-acetone and treated with the same amount of
n-heptane. Then the glass beads were added, and the mixture was slowly
evaporated on a water bath under nitrogen. By working this way, it is
assumed that the high molecular weight portion of the polyester is pre-
cipitated first on the beads, followed by deposition of decreasing molecular
weights. :

The fractionator was charged with 988 g. of the selectively coated beads
containing 89.9 g. of polyester. The bottom 85%, of each column was filled
with clean, uncoated glass beads. A temperature gradient from 50°C.
to 27°C. was maintained down the column. The solution flow rate was set
at 1.6 cc./min. The fractionation required 112 hr. This corresponds to
an average polymer concentration of 0.84 vol.-%. During this time, 16
cuts were taken, some of which were recombined to give 12 fractions, as
summarized in Table I. The fractions add up to 87.8 g., corresponding to
a recovery of 97.89, of the original charge.

Table I also gives the results of the preliminary small-scale fractionation.
In this case the average polymer concentration was only 0.5 vol.-9,. The
recovery was 88.69, of the original 9-g. charge.

DETERMINATION OF MOLECULAR WEIGHTS

A. Viscometric Measurements

The intrinsie viscosities [7] of the fractions were determined in chloro-
form at 30°C., with the use of crossarm, capillary viscometers? (the dimen-
sion of [n]is 100 cc./g.). The extrapolations are shown in Figure 1. A
Huggins’ constant of 0.53 % 0.04 was obtained for these conditions.

B. Molecular Weight Determination

No Staudinger relation for this polyester is readily available. To de-
termine the molecular weight, a commercial apparatus was used (Osmome-
ter, Mechrolab, Inc., Mountain View, California) which is based on the
Hill-Blades vapor tension apparatus.® Since this method depends upon
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Fig. 2. Polyester in CHCl; at 30°C.

the difference in vapor pressure between solvent and solution, a number-
average molecular weight is obtained.

The measurements were carried out in chloroform at 39.0°C. For
reasons discussed elsewhere!® only the fractions up to No. 6 and the un-
fractionated polymer could be measured in this system. Figure 2 shows a
double logarithmic plot of A7, as a function of [3]. The following relation
results:

[7] = 4.8 X 10~* M, (1)

This is the first equation for this commercially important polyester. By
use of this relation, the molecular weights of the higher fractions were
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calculated from the intrinsic viscosities. The results are compiled in
Table I.

MOLECULAR WEIGHT DISTRIBUTION

The chemical homogeneity of the fractions was investigated by use of
a Varian A-60 proton spectrometer. High resolution nuclear magnetic
resonance spectra have been obtained on fractions in chloroform. Each
of the three compounds forming the polyester was identified and deter-
mined by characteristic proton contributions. Duplicate analyses con-
firmed approximately the stoichiometry of the synthesis with a 12-159,
decrease in isophthalic acid content with increasing molecular weight from
fractions 4 to 14. This indicates that this acid might have a lower re-
activity than maleic anhydride.

The cumulative weights of the fractions 7(M) were calculated according
to the procedure given by Schulz!! (see Table I). An attempt was made
to fit fractionation data on a Wesslau plot.!? The data scattered con-
siderably and allowed no unequivocal interpretation. Graphical repre-
sentation of the data according to Tung’s method!® gave two intersecting
lines.
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Fig. 3. Molecular weight distribution of polyester.
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Tigure 3 shows a conventional plot of the integral molecular weight
distribution curve. The crosses represent the small-scale, the circles the
large-scale results. The solid line was obtained by fitting the large-scale
points with the equation

aM? 4+ aM?® + azM* + aM®

I(M) = T a

@)

by using a Datatron computer program. For this empirical relation, the
program selected a. suitable set of coefficients a; to as. The coefficient of
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correlation was 0.9981. An additional program calculated the differential
molecular weight distribution, represented by the solid line in Figure 3,
and the number-average, viscosity-average, and weight-average molecular
weights collected in Table I1.

TABLE 1I
Comparison of Experimental and Calculated Values from Polyester Fractionation
Calculated
From From

Measured distribution kinetics
M, 3100 3850 —
M, 8000 8400 —
M, — 9500 7500
M,/ Mn — 2.5 1.955
{7} 0.20 0.20 —_

The expected molecular weight distribution was calculated according
to the statistical derivations given by Schulz'¢ and Flory.’® From the
stoichiometry of the synthesis an average acid-glycol base unit molecular
weight of 173 was assumed. The computations were based on the cal-
culated number-average molecular weight of 3850 from Table II. The
dashed curve on Figure 3 represents the expected distribution. The agree-
ment with the experiment is satisfactory. The calculated averages are
compiled in Table IT.

CONCLUSION

It has been shown that up to 90-g. batches of polyester can be rapidly
fractionated by a large-scale, multiple-column method. The large-scale
fractionation was shown to be as efficient as a small single-column scaled
run. Analyses by NMR indicate a small change in chemical composition
with fraction molecular weight. The applicability of the statistics of poly-
condensation was proved even for a rather complicated polymer as this
three-component system. Several published methods for distribution
interpretation failed satisfactorily to interpret data on the narrow polyester
fractions obtained from the large-scale segregation. The polyester molecu-
lar weight distribution was treated successfully by a computer-generated
empirical power law function.

We are indebted to Dr. G. B. Johnson and Dr. P. H. Parker for providing the poly-
ester samples and to Mr. G. G. Bejarano for help with the Datatron program.
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Résumé

On a effectué un fractionnement & petite échelle de 9 g et un fractionnement 4 grande
échelle de 90 g d’un polyester. On a préparé le polymeére par condensation de I'acide
isophtalique, 'anhydride maléique et le propyléne glycol dans un rapport molaire de
1:2:3. Les résultats obtenus A partir des deux modes de fractionnement sont en con-
cordance malgré les conditions différentes. Des mesures de résonance magnétique nu-
cléaire ont montré que les compositions chimiques des différentes fractions étaient
presque constantes. On a déterminé la constante d’Huggins et la relation de Staudinger
pour ce polyester sur la base de données obtenues sur des fractions dans le chloroforme &
30°C. On a obtenu par calcul, pour ce polyester les distributions intégrées et différen-
tielles des poids moléculaires ainsi que divers poids moléculaires moyens. On a appliqué
les données de fractionnement & diverses corrélations de distribution connues. On a
trouvé que la distribution expérimentale concordait avec celle que la théorie des ciné-
tiques de polycondensation prévoyait.

Zusammenfassung

Eine Fraktionierung mit geringer Substanzmenge von 9 g und eine mit grosser von 90
g eines Polyesters wurde ausgefiihrt. Das Polymere wurde durch Kondensation von
Isophthalsiure, Maleinsdureanhydrid und Propylenglycol im Molverhéltnis 1:2:3
hergestellt. Die Ergebnisse der beiden Fraktionierungen stimmen trotz der verschie-
denen Fraktionierungbedingungen gut iiberein. Wie durch protonenmagnetische
Resonanzmessungen gezeigt wurde, haben die Fraktionen fast konstante Zusammenset-
zung. Die Huggins-Konstante und die Staudinger-Beziehung wurde fiir diese Polyester
aus Ergebnissen an Fraktionen in Chloroform bei 30°C bestimmt. Integrale und differ-
entielle Molekulargewichtsverteilung sowie verschiedene Molekulargewichtsmittel
wurden fiir die Polyester durch ein Computerprogramm erhalten. Die Fraktionierungse-
ergebnisse wurden auf verschiedene bekannte Verteilungsbeziehungen angewendet. Die
experimentelle Verteilung steht in guter Ubereinstimmung mit der nach der Theorie der
Polykondensationskinetik erwarteten.
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