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Aqueous Polymerization on Clay Surface. 2.
The Polymerization of Methyl Methacrylate on
Hydrogen Bentonite: Effect of Monomer
Concentration and Temperature

8. TALAPATRA, S. C. GUHANIYOGI,* and S. K. CHAKRAVARTI

Department of Chemistry
North Bengal University
Raja Rammohanpur 734430, India

ABSTRACT

Aqueous free radical polymerizations of methyl methacrylate
with the hydrogen bentonite /ethanol system have been accom-
plished with less transfer to monomer in spite of high monomer
concentrations and temperature. The overall initial rate has a
first-order dependence on monomer, It is proposed that initia-
tion does not occur in the aqueous phase. The apparent activation
energy of 15 kcal/mol corroborates a twofold increase in rate for
a 10°C rise in temperature. The frequency of bimolecular ter-
mination is quite small as is evident from k_* /kt values at vari-
ous temperatures. p

*Present address: Research Centre, Indian Petrochemicals
Corporation Limited, Baroda 391 346, India.
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INTRODUCTION

Both synthetic and natural aluminosilicates have a wide range of
applications in chemical industries. They have been used in polym-
erizations with free-radical initiators to enhance the reaction. Com-
plexation of aluminosilicates with functional acrylates, e.g., hydroxy-
methacrylate, followed by initiation and polymerization have been ob-
served [1]. More recent study has revealed the usefulness of clay
minerals, particularly bentonite, as free-radical initiator in conjunc-
tion with alcohols and thiols in agueous systems Lz]. It has been shown
that poly(methyl methacrylate) of Mn ~ 2-4 X 10° is easily obtainable.

The rate is rather slow and has a half-order dependence on alcohol. A
free-radical mechanism has been proposed.

Thermodynamic parameters of polymerization along with other
variables, like monomer, initiator concentration, ete., are very im-
portant tools in elucidating the reaction mechanism. The present
communication deals with the effect of varying monomer concentration
and temperature on the aqueous polymerization of methyl methylacry-
late with the hydrogen bentonite /ethanol initiating system. The polym-
erizability of acrylonitriles with such an initiating system is also dis-
cussed.

EXPERIMENTAL

Methyl methacrylate (MMA) was purified by standard procedures.
Preparation of hydrogen bentonite (HB) suspension of average particle
size 2 um has been reported in a previous publication [2]. Deionized
water was used throughout.

Polymerizations were carried out in well-stoppered dark Pyrex
bottles under a nitrogen blanket. HB and MMA were equilibrated at
the reaction temperature with intermittent shaking for 4-6 h prior to
the addition of ethanol. Poly(methy! methacrylate) (PMMA) isolation
and purification methods have been reported [2].

Number-average molecular weights of PMMA samples were de-
termined by viscosity measurements at 30°C in benzene using
Ubbelohde viscometers and the following equation given by Fox [3]:

[7] = 8.69 X 10°° M °7°

RESULTS AND DISCUSSION

While no polymer was produced either with HB or EtOH alone on
prolonged standing at various temperatures and reaction conditions,
high molecular weight {10°) PMMA resulted in the presence of both
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the reactants in aqueous medium. It was further observed that the
changes in reaction parameters, like temperature, monomer concen-
tration and clay/ethanol concentration, have no effect on the polym-
erization unless the mixture is shaken intermittently. In fact, only
1-2% PMMA of My ~ 10° could be isolated after 12 h at 60°C without
shaking, These results lead us to believe that for the polymerization
of MMA to initiate with the HB/alcohol system, the monomer mole-
cules have to be near the clay surface. In other words, monomer has
to be adsorbed on the clay surface for effective polymerization. Ini-
tiation probably does not occur in the agqueous phase (i.e., the initiat-
ing species is trapped between the clay layers).

Effect of Monomer Concentration

For a constant ratio of [HB] /[EtOH] the conversion increased with
increasing concentration of MMA at all temperatures with a parallel
increase in Mn. Figure 1 illustrates conversion—time plots for aque-
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FIG, 1. Time-conversion plots for the aqueous polymerization of
MMA at 60°C with HB/EtOH. [HB] = 0. 887% (w/v); [EtOH] = 0.334 M;
and [MMA] = 0.749 M (1), 1.123 M (2), and 1.495M (3).
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FIG. 2. Plot of log RO vs log [M] for the aqueous polymerization
of MMA at 60°C with 0.887% (w/v) HB and 0.334 M EtOH.

ous polymerizations at 60°C. After 5 h of polymerization the conver-
sions were 15, 20, and 25% for 0.749, 1.123, and 1,495 M MMA, re-
spectively. However, longer reaction times resulted in higher con-
versions. In all polymerizations an induction period was observed
and found to be independent of monomer concentration, Separate sets
of polymerizations were carried out with varying MMA concentra-
tions to determine the overall initial rates R0 of the polymerizations

from the initial slopes (up to 15% conversions). A nearly first-order
dependence of R0 on monomer concentration (Fig, 2) suggests that

strong couplexation between HB and MMA is probably negligible.
Some RO data along with Mn values at much higher conversions with

different monomer concentrations are shown in Table 1. Although
Mn values are relatively high the increment in Mn is not parallel to

the increase in monomer concentration. The number-average moles
of PMMA increased with increasing MMA level. This could be due
to transfer to monomer because of relatively high monomer concen-
tration and high conversions.

In the previous publication of this series [2], it was pointed out
that the initial rate has half-order dependence on ethanol and that
transfer to ethanol is absent. Assuming, therefore, that chain trans-
fer to initiator (HB/EtOH) is insignificant, the degree of polymeriza-
tion is
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TABLE 1. Aqueous Polymerization of MMA at 60°C in the Presence
of [HB] = 0.887% (w/v) and [EtOH] = 0.343 M

Conversion, R0 x 10°, a
[MMA],M  12h mol/Lrs M x10° N "x10°
0.562 36 0.512 1.38 0.78
0.749 42 0.625 1.50 1.03
0.936 45 0.741 1.58 1.31
1.123 55 1.040 171 1.80

aNumber-awerage moles of PMMA.

1 ) 1.85 kt R0 . ktr,M
DP k 2 2 k
D n |y [M] p
where kt’ kp, and ktr M 2Te rate constants for termination, propaga-

tion, and transfer to monomer, respectively. A plot of 1/DPn vs RO/

2 N N N 2
[M]® would be linear, with ktr,M /kp as the intercept and 1.85 kt/kp

as the slope. Such plots at three different temperatures are shown in
Fig. 3. Transfer to monomer is quite small, Values of ktr M/kp and
»

kp2 /kt are shown in Table 2, The latter are lower than usnally en-

countered in the redox-initiated aqueous polymerizations of MMA [4].
However, they are higher than for homogeneous polymerizations [5].
The increase in kp2 /kt with temperature is probably due to the in-

crease in kp, while kt is relatively small because of the occlusion of

free-radical ends by growing polymer chains inside layers of clay
mineral [6, 7]. Generally, an increase in monomer concentration
lowers the rate of aqueous polymerization because of the solubility

of the polymer in the monomer due to an increase in the frequency

of termination {8]. With HB /ethanol, equilibrium exists between the
monomer adsorbed on the clay surface and that in the aqueous layer.
This equilibrium is shifted when adsorbed monomer is consumed dur-
ing the polymerization, leading to fresh monomer adsorption. This
probably explains the high molecular weights of the polymer obtained
with HB /ethanol in spite of the quite high monomer concentration.
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FIG. 3. Plots of 1/DPrl vs 1/T at 50, 60, and 80°C for the aqueous
polymerization of MMA with HB/EtOH.

Effect of Temperature and Activation Energy

Both the monomer conversion and Ro increase with temperature.

For the 0.374-M MMA system the rate increased from 5.72 X 107°
mol/L-s to 1.25 X 10™° mol/L's to 3.92 X 10"° mol/L-s at 50, 60, and
80°C (Fig. 4). An approximately twofold increase in rate for each
10°C rise in temperature resulted. The overall activation energy E a

was determined from the slopes of plots of log R0 vs 1/T for various

MMA concentrations (Fig. 5). A value 15.0 keal/mol is higher than
usually obtained for the agueous polymerization of MMA with redox
initiators. This, however, is an apparent activation energy since
correction due to the heats of adsorption of MMA on HB has not been
made. Other activation parameters, ZEp -E t and E & have been de-

termined from kp2 /k, values at 50, 60, and 80°C and calculated by
the relation Ea = Ed/2 + Ep - Et/Z (Table 2). Ed is 17.0 keal/mol
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FIG, 4. Time-conversion plots for aqueous polymerization of
MMA at 50°C (1), 60°C (2), and 80°C (3); [MMA] = 0.374 M; [HB]
= 0.887% (w/v); and [EtOH] = 0.343 M,

and is comparable to that obtained by Nayak et al. for the aqueous
polymerization of MMA [9]. The activation energy for DPn’ calcu-~

lated from a plot of log Hn vs 1/T (Fig. 6), is -3.2 keal/mol and

is suggestive of a system where transfer is not significant, Details
of the mechanism of this polymerization system will be communi-
cated later,

Polymerizability of Acrylo- and Methacrylo-

nitriles

An attempt to polymerize acrylonitrile and methacrylonitrile
with HB/EtOH in aqueous medium under various experimental con-



19:18 24 January 2011

Downl oaded At:

AQUEOUS POLYMERIZATION ON CLAY SURFACE, 2 1619

6.0
1
554 2
5.0F
mO
=
T 45k {MMA]
' 103766 M
2. 0.5620M
3. 0.7490M
L 09360M
L0k 5. 11230M
354 t A L .
28 29 3.0 31 3.2 33

/T x 10°

FIG. 5, Arrhenius plots: log R0 vs 1/T with various amounts
of MMA with 0,887% (w/v) Hb and 0,343 M EtOH,

ditions failed. The reason for such failure may be the interference
of the cations, which exist with the clay mineral, through the —C=N
group itself is polarizable and, being attached to the vinyl group,
polarization is enhanced. In the process, the vinyl group is deac-
tivated, and attack by free radicals is not favored. The monomers,
however, form copolymers with MMA with the same initiating sys-
tem [10], probably due to their solubility in MMA and initiation
through the latter. This observation further supports the free-
radical mechanism proposed for the MMA/HB/EtOH (aqueous) sys-
tem,
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FIG. 6. Arrhenius plots for M| of PMMA: [MMA] = 0.374 M,
[HB] = 0.887% (w/v), [EtOH] = 0,343 M.
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