JOURNAL OF APPLIED POLYMER SCIENCE VOL. 9, PP. 3863-3868 (1965)

Measurement of Plastisol Gelation and
Solution by Infrared Spectroscopy
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Synopsis

The rate and extent of solution of polyvinylchloride in ester plasticizers has been
measured using infrared spectroscopy. The measurement is based on shifts in the car-
bonyl stretching frequency of the ester linkage, similar to the familiar infrared solvent
shifts commonly observed for low molecular weight materials. Double beam tech-
niques were necessary to record the shifts. The intensity of the shifted-band increases
up to gelation and the rate of increase depends on the temperature of heating. The
intensity of the shifted band is directly proportional to the concentration of polymer
dissolved in the plasticizer and can be used to measure this concentration at any time
during the gelation process. It is estimated that from 17 to 22 per cent of the polymer
was dissolved at the gel point after heating at 65°C. and that about 29 per cent of the
polymer was dissolved at the gel point after heating at 75°C., for the plastisols used in
this study.

Introduction

A plastisol is made by dispersing finely divided poly(vinyl chloride) in a
nonvolatile plasticizer to form a pourable mixture. When the plastisol is
heated, its viscosity decreases slowly as the plasticizer viscosity decreases,
then increases sharply as the resin absorbs plasticizer and rapidly swells to
form a friable, gellike solid.! The transformation from pourable liquid to
gellike solid is an important one and must be controlled in the various ap-
plications of plastisols. The transformation is referred to as gelation, and
oceurs at the so-called gel point or gel temperature. When the plastisol is
heated past the gel point it fuses and becomes clear at a second character-
istic temperature, termed the clear point or fusion point.?:* After fusion,
the resin plasticizer composition is a tough and flexible plastic. An excel-
lent description of the processes has been given by Hoy.4

Plastisol gelation can be accomplished by heating the plastisol rapidly
from room temperature to the gel point or by heating it for longer periods of
time at some intermediate temperatures. The conversions from pourable
dispersion to gellike solid and then to clear plastic are not chemical changes
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in the usual sense but rather involve diffusion, swelling, and solution of the
polymer by the plasticizer. The gel point has been associated with the
point of maximum resin swelling by Hoy,* but there is no direct experi-
mental measure of the fraction of polymer dissolved or the fraction of
plasticizer imbibed at any time during the gel or fusion processes. The
results from the spectroscopic technique described here complement Hoy’s
work by filling this gap in the understanding of plastisol gelation and fusion.

Experimental Methods and Results

The basis for using infrared spectroscopy to detect and measure the
physical changes during gelation and fusion is quite simple. When the
infrared absorption spectrum of a solvent is compared to the spectrum of
the solvent plus a solute, there is a shift in one or more of the infrared
absorption frequencies.® These shifts are well documented for a large
number of systems.®” The stretching vibrations are displaced to lower
frequencies and the corresponding bending vibrations are shifted to higher
frequencies. The reasons for the shift and the extent of the shift involve
specific association interactions between the solvent and solute as well as
the polarities of each. Before this background could be applied to plastisol
gelation, shifted bands in the spectra of plastisols had to be detected and
recorded, and the general applicability of the method established.

Plastisols were made by the stir-in method by using a Brookfield high
shear mixer. The usual composition was: poly(vinyl cholride) (Geon 121)
100, plasticizer 70, dibutyltin dilaurate (Union Carbide D-22) 2 or 3 parts
by weight. . Various plasticizers were used. The spectra were recorded on
a Perkin-Elmer Model 221G spectrophotometer.

The infrared spectra of several plastisols were scanned before and after
heating; the spectra were the same before and after gelation and fusion.
However, a “new” band was detected in the carbonyl region of the spectra
of the same samples when a double-beam technique was used. Conse-
quently, the double-beam, or differential spectra, technique was adopted
for all of the work reported here. -The technique was practiced as follows.
Plastisol was spread between salt plates by using a 0.1-mm. spacer and
mounted in the sample beam. The same sample of plastisol was placed in
a variable thickness cell which was then mounted in the reference beam.
The thickness of the reference plastisol was adjusted to give flat recording,
i.e., zero differential adsorption, over the frequency range from 1650 to 1750
em.~t. The cell containing the plastisol in the sample beam could be re-
moved from the spectrophotometer, heated, cooled, and returned to the
spectrophotometer, and spectral differences or changes resulting from the
heating recorded. The thickness of the 0.1-mm. layer of plastisol did not
change perceptibly after gelation as measured by the adsorption of the 1530
and 1650 cm.—? bands. It was found that the difference in absorption at
these two frequencies (measured against air in the reference beam) is a
linear function of sample thickness in the thickness region of interest.
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Thus, a fair check on sample thickness could be made spectrophotometri-
cally.

The differential spectra of six plastisols made with six different ester type
plasticizers were recorded before and after gelation against ungelled plasti-
sol in the reference beam. New, sharp adsorption bands were recorded for
all of the plastisols. The results are given in Table I, which lists the ob-
served frequencies of the carbonyl stretching of the plasticizers in the plas-
tisol before gelation and of the new, or shifted band, formed after gelation.
The shifted bands are very much diminished in intensity compared to the
ordinary carbonyl band of the plasticizer, indicating that only a small por-
tion of the carbonyl groups are affected by the resin solute.

TABLE 1
Observed Carbonyl Frequency Shifts

Frequency, cm. ™!

Before After
Plasticizer gelation gelation

Di(2-ethylhexyl) phthalate 1730 1695
Didecyl phthalate 1730 1690
Di(2-ethylhexyl) isophthalate 1730 1702
Di(2-ethylhexyl) adipate 1740 1690
Didecyl adipate 1740 1705
Butyl benzyl phthalate 1733 1690

The same techniques were applied to a mixture of 2-chlorobutane 100,
di(2-ethylhexyl) phthalate 70 parts by weight with the ester in the reference
beam. The differential spectrum in the carbonyl region showed a new band
at 1700 cm. L.

The differential infrared technique was used to study the gelation of a
plastisol made from PVC and di(2-ethylhexyl) phthalate mixed in the pro-
portion 100:70 parts by weight. The 1530 and 1650 c¢m.—! bands were
recorded for each sample before and after heating as a check of constancy
of sample thickness. The plastisol samples, spread between salt plates
with a 0.1-mm. spacer, were heated in an oven at 65 and 75°C. for different
lengths of time. The gel point of the plastisol is close to 75°C.,! although
it can be gelled by longer heating at the lower temperature. The intensity
of the shifted carbonyl band was recorded after each heating interval by the
double-beam method. The results are shown in Figure 1 as the shifted
band intensity (arbitrary units) as a function of time. Plastisol samples
were also heated for 5 and 10 min. at 165 and 175°C., temperatures well
above the clear point?:® to fuse the samples. The band intensities after
fusion ranged from 5.5 to 6.5 units, as indicated in Figure 1. However, the
sample thickness was not exactly the same before and after fusion, so that
this band intensity range must be interpreted with caution.

The intensity of the shifted band was related to the amount of poly(vinyl
chloride) dissolved in the plasticizer. Dilute gels were prepared by dis-
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Fig. 1. Changes in shifted band intensity with heating time.

solving known amounts of polymer in a heated mixture of di(2-ethylhexyl)
phthalate (DOP) and D-22, 100:2. The dilute gels were spread between
salt plates with a 0.1-mm. spacer and their differential spectra were recorded
against the mixture of DOP and D-22 in the reference beam of the spectro-
photometer. Figure 2 is a plot of shifted band intensity (arbitrary units)
as a function of polymer concentration. Gels containing more than 8 g. of
polymer were too stiff for convenient quantitative measurement by this
technique.
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Fig. 2. Changes in shifted band intensity with concentration of dissolved mer.repr.
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Discussion

The shifting of an infrared absorption frequency of a solvent by a solute
is a familiar phenomenon for low molecular weight compounds. The same
phenomenon now has been found to oceur in poly(vinyl chloride) plastisols.
It seems to be a general effect, occurring in the six ester-type plasticizers
tried (Table I), and in the model system, dioctyl phthalate—chlorobutane.
Similar shifts could undoubtedly be found with other plasticizers, e.g.,
phosphates, provided the appropriate frequencies were investigated. This
infrared method may have wide applicability for studying polymer solu-
tions.

The intensity of the shifted band was found to be proportional to the
amount of polymer dissolved in the plasticizer. Thus, this infrared in-
tensity is a direct measure of the amount of polymer dissolved in the plas-
ticizer at any time during the gelation process. The amount of polymer
dissolved increases sharply at short times of heating, as the plastisol gels,
then levels off to a near constant value. The samples heated past the level-
ing-off point were visibly gelled, and the leveling-off point is thought to be
the gel point. The rate of polymer solution during gelation was much
greater at 75 than at 65°C. as expected, since gelation is faster at the higher
temperature. After gelation, the amount of polymer dissolved in the plasti-
cizer at the two temperatures is different. This is consistent with Hoy’s
finding of lower swellability of PVC in plastisols at lower temperatures.*
The shifted band intensity increases again, going from gelation to fusion,
indicating that at gelation not all of the polymer is dissolved in the plasti-
cizer, or the equivalent situation, that not all of the plasticizer is dissolved
in the resin.

It is an interesting exercise to estimate the amount of polymer dissolved
in the plasticizer at gelation. This can be accomplished by extrapolating
the line in Figure 2 to much higher band intensities, an admittedly bold
procedure. After 65°C. gelation, it is thus estimated that 17-229, of the
poly(vinyl chloride) is dissolved in the plasticizer and that after 75°C. gela-
tion about 299, of the polymer is dissolved.
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Résumé

La vitesse et le degré de dissolution du chlorure de polyvinyle dans des plastifiants
esters ont été mesurés par spectroscopie infra-rouge. La mesure est basée sur le dé-
placement de la fréquence d’étirement du groupe carbonyle des liens esters de fagon
semblable au glissement, dd & la présence de solvants des bandes infra-rouge observées
pour des matériaux de bas poids moléculaires. Les techniques 3 double faiceau sont
indispensables pour enrégistrer les glissements. L’intensité de la bande déplacée croit
par gélification et la vitesse de cette augmentation dépend de 1z température de chauf-
fage. L’intensité de la bande déplacée est directement proportionelle 4 la concentration
du polymere dissous dans le plastifiant et peut étre utilisée pour mesurer cette concentra-
tion & n’importe quel moment au cours du processus de gélification. On estime que de
17 & 229%, du polymaere sont dissous au point de gel aprés chauffage & 65°C et qu’environ
299, des polymeres étaient dissous & ce point de gel aprés chauffage & 75°C pour les
plastifiants utilisés dans cette étude.

Zusammenfassung

Die Geschwindigkeit und das Ausmass der Auflésung von PVC in Esterweichmachern
wurde infrarotspektroskopisch gemessen. Die Messung beruht auf Verschiebungen der
Karbonylstreckfrequenz der Esterbindung, dhnlich den vertrauten, gewohnlich an
niedermolekularen Stoffen beobachteten Infrarotlésungsmittelverschiebungen. Zur
Aufzeichnung der Verschiebungen waren Doppelstrahlverfahren erforderlich. Die
Intensitit der verschobenen Bande nimmt bis zur Gelbildung zu, die Geschwindigkeit
der Zunahme hingt von der Erhitzungstemperatur ab. Die Intesnsitéit der verschobenen
Bande ist der Konzentration des im Weichmacher gelosten Polymeren direkt propor-
tional und kann zur Messung dieser Komzentration bei einem beliebigen Zeitpunkt
wihrend des Gelbildungsprozesses beniitzt werden. Es wird geschitzt, dass bei den in
der vorliegenden Untersuchung verwendeten Plastisolen 17-229, des Polymeren beim
Gelpunkt nach einer Erhitzung auf 65°C gelost war und dass etwa 297, des Polymeren
beim Gelpunkt nach einer Erhitzung auf 75°C gelost war.
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