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Summary

Extraction of monomers, additives, oligomers, and
polymers from a blend is very time consuming and
labor intensive. Now by use of a special guard column
and multi-solvent gradient liquid chromatograph
(HPLC), the extraction and analysis can be performed
in one step.

Introduction

The classic Soxhlet extraction of additives in a polymer
takes 7-24 hours and needs large amounts of solvents,
The more modern extraction technologies with super-
critical fluids, microwave oven and ultrasonic bath take
shorter times (20—60 min) [1].

The problem with these new and relatively severe
extraction technologies is that some polymers will
degrade under such conditions. In general the greatest
problems with extraction technologies are the recovery,
the selectivity of the extraction solvent and the limited
automation possibilities. Because of the limited selec-
tivity a chromatographic analysis is needed after the
extraction [2]. The multiple solvent extraction method
based on an HPLC instrument does not have these
disadvantages. Extraction and analysis are also per-
formed in one step on-line. The principle of this
method is to dissolve the sample in a good solvent and
precipitate or suspend the polymer sample in the
HPLC instrument with a non-solvent. This precipitate
or suspension will adsorb onto a guard column with a
special flow distributor to prevent column plugging. By
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adding a solvent to the adsorbed suspension with a
gradient system, the monomers, additives and polymers
will redissolve and elute from the column,

Experimental

HPLC Equipment

Gradient elution was performed with a 4 solvent
gradient pump (Model 600). A Waters intelligent
sample processor (WISP, Model 712) was used to inject
5 ul samples (conc. 1 % w/v). A Waters variable wave-
length detector (Model 486) was used to monitor the
eluent at a wavelength of 261 nm. The chromatogram
was recorded with an integrator (Waters, Model 741).
The water was purified with a Milli-Q system from the
Millipore Corporation. Tetrahydrofuran (THF) without
stabilizer was obtained from Rathburn.

HPLC Conditions

All polymer samples were dissolved in THF prior to
analysis. A linear gradient was used starting with 50/50
water/THF as nonsolvent to 100 % THF as good
solvent in 30 or 60 minutes. The eluent flow was 1 ml/
min. The guard column was a Guard-Pak module
(Waters) with Nova-Pak C18, 4 p inserts. This guard
column has a special flow distributor to prevent
plugging. The main column was radial-packed (100 X
8 mm, Nova-Pak C18, 4 pm Waters) and placed in a
radial compression chamber (Waters). With this col-
umn semi-preparative separations can also be achieved-
The polymers were from Scientific Polymer Products
inc. US.

Results and Discussion

Many researchers have published successful HPLC
separations of monomers, additives, oligomers and
polymers [3-6]. In this study the experimental and
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Figure 1

Gradient separation of polycarbonate oligomers, polycarbonate polymer and the elution position of

other polymers in a polycarbonate blend.
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Figure 2
Gradient separation of polysulfone containing oligomers. Concentration 1 mg/ml THF. Injection
volume 5 ul Column, Radial-Pak Nova-Pak C18, 100 X 8 mm, 4 um. Eluent 50/50 water-THF to 100 %
THF in 30 min. linear. Flow 1 ml/min.
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instrumental conditions for monomers, additives, oli-
gomers and polymers are all combined in the one
method.

An impression of the extraction and separation power
is given in Figure 1. The elution position of different
monomers, additives and polymers in a polycarbonate
blend is shown. During the polymerization of polysul-
fone, some oligomers are formed (Figure 2). With the
strong solvent, (THF) all of the polymer material is
eluted from the column. The amount of oligomers can
be calculated relative to the polymer peak. The success
of this application is based on the large adsorption or
adhesion power of the suspension on the guard column.
This guard column is packed with sphencal particles
(110 mg) having a surface area of 120 m /g That means
that the mjected amount of polymer (50 ug) is spread
over 1-12m2. This layer is so thin that extraction
and redlssolutlon is immediate. Due to this large
surface area, this method can be scaled-up to prepara-
tive (mg — g) scale.
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Future Improvements

By reducing the gradient speed (%/min) impressive
improvements can be made on the separation capabili-
ties. Improvements can be made also by using a larger
number of selective solvents and column packings.
With more selective detectors (fluorescence) and uni-
versal mass detectors, detection improvements can be
made.
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