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Summ

The study of polystyrene (PS)/acrylonitrile-buta-
diene-styrene (ABS) grafted copolymer/cyclohexanone or
methylene chloride system compatibility both in concen-
trated solutions and solid state has been carried out by
phase separation, viscogimetrical measurements and ther-
mal behaviour.,

Having in view the obtained data it has been as-
certained that the systems present different degrees of
compatibility depending on the mixtures composition. At
higher temperatures, the compatibility of the components
is changed.

Introduction

e acrylonitrile copolymers with various comono-
mers have large use for the commodity and industrial
applications.,

In order to obtain the desired complex properties
corresponding to each domaine of use, on resort either
to the multiple copolymerization, or to the one another
blending of different copolymers or to the blending with
the corresponding homopolymers.

Owing to the great practical importance of these,
the compatibility of the binary copolymers acrylonitrile
(AN) with different polymers was studied (1-3). Generally,
these mixtures are incompatible. There are known few
studies concerning with the behaviour of the ABS copo-
lymer/PS system (4,5). Such mixtures appear either during
styrene copolymerization or as wastes obtained in the
synthesis reactions or from the worn-out industrial and
consumer's goods products. Afterwards these wastes can be
subjected to an undestructive (by reprocessing) or des-
tructive recovery (pyrolysis, chemical modification, etc).
The product qualities resulted from copolymerization or
after the wastes recovery proceas are greatly influenced
by the compatibility of the components. That is why,
there was necessary to study the compatibility of ABS/PS
gsystem in concentrated solutions and solid state as well
as the thermal behaviour, the latter being also depen~
dent of the mutual solubility of the components (6,7),
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Experimental
copolymer and PS are those used in the previ-

ous paper (8), which were purified by precipitation

from methylene chloride solution. Mixtures were prepa-
red with the two components in the following ratioss 90/
Yo, 75/25, 50/50, 25/75 and 10/90, the solutions of 10%
concentration being stirred 15-20 min. at 60-70°C. After
dissolution, the solvent loss (methylene chloride or cy=-
clohexanone) was added. A part of the solution was preci-
pitated and vacuum dried at 50-60°C for 48h., The other
part was kept in ground glass stopper cylinders, watching
on the phase separation, and it was determined the dyna-
mical viscosity by means of a Brookfield viscometer
using adequate cylinders and spin velocity.

The microscopical examination was carried out
in phase contrast, 600 x, with the aid of a MC-l mi-
crogcope IOR-Bucharest.

The thermal behaviour has been studied by ther-
mogravimetrical method, pyrolysis and pyrolysis-gas
chromatography and different methods of the analysis of
the thermal degradation products.

The TG curves were recorded using a MOM-Deri-
vatograph, Paulik-Paulik-Erdey type, on powdered poly-
mer samples with a granulation of 0.1 -0.5 mm, in mix-
ture with freshly calcined Al203 (20% sample) at 1100°C,
working in the following conditionss: sample weight 20 mg,
heating rate 12.4°C/min. The activation energies were
estimated by COATS~REDFERN (9) (global values Eggp) and
REICH~LEVI (10) methods. By the gecond method it was
obtained the variation of the activation energy with
the conversion degree ( =< ) resulting two characteristic
valuess Epp.y for«=0 -0.1 and Epp-II for « =0.1 -0.6.

The gas chromatographic pyrolysis was carried
out at 570°C for 10 sec. by means of a filament type
unit coupled with a SIEMENS I~-400 gas chromatograph
provided with a flame ionization detector and working
under following operational conditionss sample weight
0.4mg, the stainless steel colum (2m x 4mm i.d.) was
packed with Chromosorb W (60-80 mesh) coated with 15%
free fatty acid phase (PFAP) washed with acid and sila-
nizated; the column temperature being programmed between
60 to 200°C at a rate of 4.5°C/min. The identification of
the pyrolysis products was made by using the relative re-
tention times of various pure substances and relative qu-
antities of each component were determined from the corre-
gsponding surfaces. The same conditions were also used to
establish the relative differences in the composition of
the liquid fraction resulted from the thermal decomposition
of the PS,ABS and their mixtures in a autoclave reactor
which was previously described (11), at 400-470°C in an
inert atmosphere. As a consequence of the pyrolysis pro-
cess, gases, liquid and solids were obtained in quanti-
ties which were presented in the table 1. A quantity of
5-3% gas fraction; 88-96% liquid fraction and 7.3-0.8%
so0lid residue, was obtained for ABS, mixtures and PS
regspectively.
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The density of the gas fraction was measured by
pycnometer method and the HCN content was established
by CHELLE-REGNIER colorimetrical method (12). For the
liquid fraction were determineds density, dynamical and
kinematical viscosity (by means of a Hdppler viscometer).
The composition was analysed by gas-chromatography and
NMR spectroscopy. The NMR spectra were recorded with a
JBOL C-~60 HL spectrometer at 60MHz, the samples being
disgolved in CCl,. From these gpectra a styrene index
was calculated (1 ) as the ratio of the protons inte-
gral, correspondiﬁg to the vinyl group of the styrene
monomer and the whole integral. The solid residue of
the decomposition was characterized by elemental analysis.

Results and discussion

The phase separation study of the two polymer
mixtures in cyclohexanone or methylene chloride concen-
trated solutions, show that the solutions rich in ABS
(L00-75%ABS/0-25%PS) are opaque, their aspect is unchan-
geable during a month,while those rich in PS (50~-10%ABS/
50-90%PS) are separated in two phases after a day. The
volume of separated phases is approximately equal teo that
of the solutions used in the mixture preparation and
after five days it is unchanged. 0f course, the PS solu-
tion is clear und unchanged.

The dynamic viscogities of the two polymer mix-
tures in solution are inferior to those additively cal-
culated (figure la) proving that the components incompa-
tibility is due to the repulsive interactions; the devi-
ations keep unchanged in time,but the values increase o-
wing to the crowded particles in ABS rich solutions (fi-
gure 1b)., It must be emphasized the great influence of
the concentration, in this case. In diluted solutions,
the deviations from additivity were positive (see bibl.
8), consequently attractive interactions between compo-
nents are dominating. The solvent nature is less impor-
tant for the compatibility of these components.

In the figure 2 it is presented the variation
versus composition of the initial degradation tempera-
ture (Tj) and the temperature corresponding to the ma-
ximum decomposition rate (Tm). The variation of the appa-
rent activation energies (E,,) or those for different
conversion degrees (EBpp-r afi8 ELR-11) is shown in figu~
re 3. It is observed the more advanced incompatibility
of the systems rich in P3, but only for the first stages
of degradation.

At higher temperatures, the curves aspect changes,
the temperatures corresponding to the maximum decomposi~
tion rate are much higher although the activation energies
remain inferior than that of pure components and to those
additively calculated; they present different deviations
which are greater for systems rich in PS.

These data evidenced that the behaviour and com—
patibility of the PS/ABS systems are dependent on time
and change at higher temperatures. This conclusion re-
sults from figures 4 and 5 where it is presented the
microscopical aspect of the films: (a) immediately after
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preparation; (b) after a lapse of a year and (c) thermal

treated for an hour at 1609°C,

The initial aspect of the film (a) depends on
the mixture composition., After a year, usually, it a-
prears same homogenization (b), which becomes more obvi-

ous after heating (c¢).
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Fig.4. Microscopical as- Pig.5. Microscopical as-
pects of the 50ABS/50PS pects of the 75ABS/25PS
mixture film mixture film

Greater deviations occur in the thermal decompo-
sition products chacacgeristics resulted at 450°C (auto-
clave reactor) and 570 C (pyrolysis-gas chromatography),
as it results from the data listed in tables 1 and 2
respectively; the majority of experimental data are in
a large extent different from those calculated conside~
ring the additivity of the corresponding values to the
pure components.

The greatest differences are to be found in ga-
seous and liquid fractions composition, for instance, the
experimental data for HCN, toluene, m- and p~xylene, sty-
rene and of-methylstyrene are inferior to those calculated
and the values corresponding to the unidentified compo-
nents are simultaneously increasing. The nature of these
components is peculiar to each mixture, as it results
from the chromatograms of the liquid products presented
in figure 6 ; these are similar in a large extent to the
mixture pyrogramms resulting from the data comparison in
tables 1 and 2 (excepting the fact that in the pyrogramms
are evidenced the butadiene and C, - hydrocarbons that
are pregented in the gaseous frac%ioﬁ obtained from decom-
position using both procedures.).

The unidentified components may by dimers or trimers
that originate in different comonomers, as it was esta-
blished in the thermal decomposition of some S/AN binary
copolymers (13). Along with these products , an other
compounds could results as well because of the chemical
intercations which appear by heating of the systems conta-
ining ABS copolymers. These intercations have been evi-
dénced in another papars, too (14).

On comparing all the results, appears clearly that
the mixtures rich in PS have a greater difference in their
behaviour and the modification of compatibility degree
by thermal treatment is more evident.

The presented data showed that the mew components
apparition at the thermal decomposition was influenced
by the mixture composition and compatibility of the
components.
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Fig.6. The chromatogramms of the liguid fractions re-
sulted at the thermal decomposition of the PS, ABS and
different mixtures at 400-450°¢.
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