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In this work the terpolymerization of styrene—2-ethylhexylacrylate—
maleic anhydride and a-methylstyrene—acrylonitrile—methacrylamide was
studied. The composition of the terpolymer prepared at various com-
position of the monomer mixtures was determined by means of gas chro-
matography, IR and “C NMR spectroscopy. The monomer reactivity
ratios of the studied ternary systems, estimated by Rosenbrock’s optimiza-
tion method, differ from the monomer reactivity ratios of the corresponding
binary systems. The high values of the monomer reactivity ratios of some
pairs indicate a great tendency to the formation of long homopolymer
sequences, or sequences of the binary alternating copolymers ST—MAn, or
a-MST—AN, and of acrylate homosequences 2-EHA or MeAm. The
formation of longer a-MST sequences is unprobable with regard to its low
upper ceiling temperature (61 °C).

The determined optimized monomer reactivity ratios for the studied
ternary systems are: ST(1), MAn(2), 2-EHA(Q3) r;; = 0.055, r; = 0.062,
ry; = 4.928, ry; = 15.188; and o-MST(1), AN(2), MeAm(3) r,, = 1.267,
ry = 0.617, rj3 = 7911, ry, = 7.231, ry3 = 5.150, ry; = 16.347.

B pa6oTe u3yyaeTcs TepmoJiMMepH3alus B CHCTEMAaX CTUPOJI—2-3TH-
reKCHJIAKpHJIaT—MaJeMHOBBI aHTCHOPHA H Q-METHJICTHPOJI—aK-
pHJIOHHTpHI—MeTakpwiamua. CocTas TepnojuMepa, MOJy4aeMOro MpH
Ppa3IM4HOM COCTaBE CMECH MOHOMEPOB, OIIPEEISIICS C IOMOILBIO ra30BOi
xpomatorpaduu, a Taxxke UK- u *C AMP cnexrpockonuu. COOTHOLIEHHUS
MOHOMEPHO! PEaKLMOHHOH CIHOCOGHOCTH M3y4aeMbIX TPOMHBIX CHCTEM,
onpelesieHHblE [0 ONTHMAaIM3alMOHHOMY Meroay PoseHOpoka, oTim-
YaJINCh OT COOTHOILIEHUH MOHOMEPHOM peakKLHOHHON CIIOCOOHOCTH COOT-
BETCTBYIOIIMX OMHApHBIX cUCTeM. BLICOKHE 3HAYEHHS COOTHOILEHHA MO-
HOMEPHOM peaKUHOHHOM CIIOCOGHOCTH HEKOTOPLIX Map CBUAETEILCTBYIOT
0 601BIIOM CKJIOHE K 06pa30BaHMIO [UIHHHBIX T'OMONONHMEPHBIX IIO-
ClleIOBaTe BHOCTEH HIIA IOCIEAOBATENLHOCTEH GHHAPHBIX YepeyOIHXCS
cononumepoB ST—MAn wm a-MST—AN, a Takxke |aKpHJIATHBIX TOMO -
nocienosatenabHocTed 2-EHA mwin MeAm. O6pa3oBanue 6oJee JIMHHBIX
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nocnenosatenbHocTelt a-MST MajioOBEpOATHO BCJEANCTBHE €0 HH3KOIMA
BepxHeill npenenbHO# TeMmnepatypsl (61 °C).

OnpenenerHble ONTUMUA3HPOBAaHHbBIE 3HAYEHUS] COOTHOLIEHUH MOHOMED-
HOH peaxknMOHHOW CHOCOOHOCTH MJIE M3y4YaeMBIX TPOMHBIX CHCTEM paB-
Hames: ST(1), MAn(2), 2-EHAQ3) ry; = 0.055, ry; = 0.062, ryy = 4.928,
r; =15.188; u o-MST(1), AN(2), MeAm(3) r, = 1.267, r,, =0.617,
ryy = 1911, ry, = 7.231, ry; = 5.150, ry, = 16.347.

The importance of the functional polymers lies in the possibility of the
chemical transformation into special types of macromolecules. The properties of
products obtained by copolymerization or terpolymerization of functional mo-
nomers with other (nonfunctional) ones can be changed in a wide range. The
properties are influenced by the content and distribution of the functional
monomer as well as, in the case of terpolymers, by the mutual ratio of non-
functional monomers in the product.

The composition of terpolymers depends on values of the monomer reactivity
ratios (mrr), which characterize the relative reactivity of a pair of monomers.
More scientific teams, as Price and coworkers, O’Driscoll and coworkers, Tid-
Oss and coworkers, Hamielec and coworkers, Joshi and coworkers, and others
were dealing with the mrr determination. The binary mrr do not characterize
well the mutual reactivity in the ternary system, because the third monomer
influences the reactivity of both other ones. For this reason, it is necessary to
estimate the “optimized” monomer reactivity ratios if we want to characterize
the mutual reactivity of monomers during the terpolymerization. The former
can be determined by means of suitable optimization methods, whereby we start
from the experimentally determined terpolymer composition and the binary
monomer reactivity ratios.

In this work the terpolymerization of two monomer triplets was studied:

a) styrene—2-ethylhexylacrylate—maleic anhydride,

b) a-methylstyrene—acrylonitrile—methacrylamide.

Rosenbrock’s algorithm 11 modified for this purpose at the Department of
Chemical Technology of Plastics and Fibres was used for the determination of
the optimized monomer reactivity ratios of the ternary system.

Experimental

From styrene (ST) and a-methylstyrene (e-MST), both technical grade, the stabilizer
was removed by shaking with NaOH solution and distilled water and after drying with
CaCl, it was vacuum-distilled in N, atmosphere.

From 2-ethylhexylacrylate (2-EHA) and acrylonitrile (AN), technical grade, the
stabilizer was removed by a twofold vacuum distillation in N, atmosphere just before the
polymerization.
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Maleic anhydride (MAn), anal. grade, was used without any further purification.

Methacrylamide (MeAm) was prepared from methacrylamide sulfate by neutraliza-
tion with NaOH solution. Methacrylamide was extracted by warm benzene from the
mixture with Na,SO,. It was crystallized from benzene. M.p. = 111°C, the purity
determined by elemental analysis was 99.9 %.

The polymerization was followed gravimetrically in sealed ampoules in N, atmo-
sphere. The polymers were separated by precipitation, with dried acetone or isopropanol
filtration and drying to the constant mass.

The composition of ST—2-EHA—MAn was determined after polymerization by gas
chromatography. In the monomer mixture the content of ST and 2-EHA was determined
and from the estimated conversion the MAn content was calculated. The measuring was
carried out by means of a thermal conductive gas chromatograph Carlo Erba. Conditions
of measuring: temperature range 50—170°C, programmed heating rate 5°Cmin~",
detector 175°C, injector 150°C, feedstock 10 mm’, flow rate of air and helium
52cm’min~', solvent acetone, standard butyl acetate. The composition of =MST—AN
—MeAm terpolymers was determined by IR spectroscopy from the ratio of the absor-
bance bands H(C=N) (2242cm™"), WC = O) (1660cm™') and from the C—H bending
vibrations of the aromatic ring W(C—H) (758cm™'). The samples were measured by
means of KBr technique on the device MOM 2000. Both terpolymers were also analyzed
by "C NMR spectroscopy. The measuring was carried out on the NMR spectrometer
FX-100 Jeol at the Chemical Faculty of the Slovak Technical University. The working
frequency was 25.047 M Hz, the induction of the magnetic field 2.3 T, the spectral range
6000 M Hz, the number of detected points 8192, the number of accumulations 5000. SiO,
cells with 10 mm outside diameter were used. The concentration of polymers was 10 mass
%, the measuring temperature 50 °C, the solvent deutero-acetone. The integral curves
were evaluated.

Results and discussion

Terpoiymers of styrene—2-ethylhexylacrylate—maleic anhydride were
prepared by mass polymerization in ampoules at 70 °C in nitrogen atmosphere
at constant initiator concentration (dibenzoyl peroxide) — 0.1 mass % relating
to the monomer mixture. They were separated by precipitation with dried
isopropanol.

Terpolymers of a-methylstyrene—acrylonitrile—methacrylamide were
prepared by terpolymerization in solution of dried acetone. The total monomer
concentration was constant (34.53 mass % relating to the mixture). The diben-
zoyl peroxide concentration was 0.5 mass % relating to the mixture and the
polymerization temperaturé was 70°C. The terpolymers were separated by
precipitation with methanol. )

In Tables 1 and 2 are the conditions for the preparation of both terpolymer
types and there is the composition determined by gas chromatography and
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Table 1

Terpolymerization conditions for ST—2-EHA—MAnR and composition of the terpolymers
Temperature 70 °C (Series A4)

Polymerization

. Conversion Monomer charge Terpolymer
Sample time
min % Xst  XMAn X2-EHA Yst VMan Y2-EHA
A-1 8 13.0 0.05 0.05 090 0.188 0.097 0.715
A-11 9 8.2 0.10 0.10 0.80 0.354 0.258 0.388
A-111 11 17.3 0.15 0.15 0.70  0.363 0.283 0.354
A-IV 11 55.2 0.20 0.20 0.60 0.275 0.219  0.506
A-V 11 55.9 0.25 0.25 0.50 0.339 0.281 0.381
Table 2

Terpolymerization conditions for -MST—AN—MeAm and composition of the terpolymers
Temperature 70 °C (Series B)

Po]ym.e nization Conversion Monomer charge Terpolymer
Sample time
min % XaMST  X¥AN  XMeam  VaMsT VAN VMeAm
B-1 150 7.27 0.1 0.8 0.1 0.242 0.670 0.088
B-I1 350 5.82 0.5 0.4 0.1 0.576  0.387 0.037
B-111 250 6.54 0.3 0.4 0.3 0.385 0.514 0.101
BV 220 9.10 0.3 0.6 0.1 0.429 0.524 0.047

3C NMR spectroscopy (Table 1, Series A) or by IR and “C NMR spectro-
scopy (Table 2, Series B). The composition of the monomer charges is quoted
in mole fractions of monomers x and the composition of terpolymers in mole
fractions y (the symbols are in agreement with those used in the literature, e.g.
(1].

The evaluation of the results was carried out with the computer EC 1010 of
the Computer Centre of the Chemical Faculty of the Slovak Technical Univer-
sity. Rosenbrock’s algorithm II [2] for the solution of problems with limitation
for the calculation of the extreme of the objective function (OF) was used for
the “optimization” of the monomer reactivity ratios of the ternary system. This
method belongs to the methods of direct search of the minimum of the designed
function and has an iterative character. The calculation of the optimum values
of the monomer reactivity ratios was carried out by subsequent approximation
from the initial values (monomer reactivity ratios of binary systems from the
literature or determined ones) to the values, when the condition for the com-
pletion of the calculation (suggestion) is fulfilled
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OF(k + 1) — OF(k) = ¢
¢ is the suggested maximum difference of the £ + 1 and the k iteration of the
designed function, in our case £ = 10~*
Table 3

Comparison of binary [3] and optimized monomer reactivity ratios (for the ternary system)
for terpolymers ST—2-EHA—MAn

r r
1st Monomer 2nd Monomer “ 2
Optimized Ref. [3] Optimized Ref. [3]
ST MAn 0.055 0.020 0.062 0.001
ST 2-EHA 0.705 0.940 1.658 0.260
MAn 2-EHA 4.928 0.009¢ 15.188 3.682¢
a) Calculated from the Q—e values.
Table 4

Comparison of binary [3] and optimized monomer reactivity ratios (for the ternary system)
for terpolymers a-MST—AN—MeAm

r ry
Ist Monomer 2nd Monomer 2 2
Optimized Ref. [3] Optimized Ref. [3]
a-MST AN 1.267 0.24 0.617 0.045
a-MST MeAm 7911 0.128¢ 7.231 0.117¢
AN MeAm 5.150 0.028* 16.347 2.874°

a) Calculated from the Q—e values.

The form of the designed function is

OF = ) |LS; — RS| = minimum
i=1
LS; and RS, is the left and the right side of the rearranged copolymerization
equation for terpolymerization [1], # is the number of experimental data.

X1 + ] + X3 ]
r(k)y.r(k)y  r(k)p-r(k)sy  r(k)s.r(k)s

[ X1i X3i ]
| X+ + —
r(k)y  r(k)y
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[ x“ xzi x3f ]
RS, = yy. xy; + + ;
r(k)s . r(k)y  r(k)y.rk)s, r(k)s.r(k);

[rw i ]

r(k),  rk);
X, X5, X3 are mole fractions of monomers in the monomer charge, y,, y,, y; are
mole fractions of monomers in terpolymer.

The results of the optimization of the monomer reactivity ratios are sum-
marized in Tables 3 and 4. The high values of the monomer reactivity ratios of
some pairs indicate a high tendency to the formation of long homopolymer
sequences [4] in the studied terpolymerization systems, or sequences of the.
binary alternating copolymers ST—MAn, or a-MST—AN, and of acrylate
homosequences 2-EHA or MeAm. The formation of longer a-MST sequences
is unprobable with regard to its low upper ceiling temperature (61 °C).
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