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Abstract:

An experimental investigation of kinetics of the solution free radical
homopolymerization of acrylamide initiated with potassium per sulfate
(PS) was conducted at 70°C. The overall activation energy of
homopolymerization was determined to be ( 24.65 ) kJ mol™. The effects
of initiator and monomer concentration on the rate of homopolymerization
were studied over a wide range using the well-known conversion vs. time
approach in dilute solution. Under the condition of our work the overall
rate of polymerization was proportional to (initiator concentration)?
however, in contrast to the classical Kkinetic picture, it is not directly
proportional to the monomer concentration .

Key words: Acrylamide, radical polymerization, kinetic aspects.

Introduction:

Polyacrylamide (IUPAC Poly (2-propenamide) or poly (1-
Carbamoylethylene)) is apolymer (-CH2CHCONH2-) formed from
acrylamide subunits that can also be readily cross-linked [1] .In cross-
linked from it is highly water-absorbent ,forming asoft gel used in such
application as PAM gel electrophoresis and in manufacturing soft contact
lenses. Neamtu and Nita prepared gels by polymerization of AM cross-
linked with  N,N-methlene- Bis-acrylamide using aredox initiation
(potassium per sulfate / ascorbic acid ) system [2]. In the straight-chain
form, it is used as athicker , it has used as asubdermal for aesthetic surgery
[3] .1t has used also as flocculants in waste water treatment application [4]
as drug reduction agent and drilling fluid in enhanced oil recovery [5,6] as
additives in papermaking [7] and as adrug-delivery agent [8-10]. PAM is
asynthetic water-soluble polymer made from monomers of AM ,It binds
soil particles together once soil particles suspended in water are bound
together by PAM [11]. PAM was used as apolymer additive to reinforce
the gel electrolyte . Effects of this additive have been investigated in terms
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of conductivity gelling time, gel strength and pattery capacity [12]. The
polymerization of AM was carried out using t- Butyl peroxide as an
initiator in -DMF under microwave irradiation [13].

Free radical polymerizations comprise a number of fundamental
reaction steps. In their most simple and Common form, for types of
reactions can be distinguished: initiation, propagation, chain transfer and
termination. The reaction mechanism and the corresponding rate equations
are given in (1). The polymerization rate can be derived quasi steady state
assumption [4]:

2 f ka[l] =2 ke[M]? (1)
Ro= (ko / k**) (fka)>* [1]°° [M] (2)

Where [M] and [I] are the concentration of monomer and initiator
respectively, thus the overall rate of Polymerization should, in the early
stages of the reaction, be proportional to the square root of the initiator
concentration and, if f is independent of [M], the first power of the
monomer concentration . This is the so-called classical or ideal
polymerization rate law and serves as the basis to obtain the lumped
parameter, ko/ k2 , using simple techniques such as gravimetric and
dilatometry.

Deviation of polymerization kinetics from simple system of rules of
free radical polymerization have mostly been discussed by several workers
[15-16] , they marked that the rate of termination between polymer radicals
Is not always independent of their chain length; it has been pointed out that
the termination rate constant in free radical polymerization , k: , is a
decreasing function of the size of reacting radical . Conventional methods
for the Kinetic study of radical polymerization are shown to lead to
erroneous conclusions if the effect of the chain length dependence of
termination rate constants is not taken into account.

Experimental
Materials:

All, monomer, initiator , and solvent were obtained from Aldrich-Oma
chemical Co. Acrylamide was recrystillized from chloroform several time
and dried under vacuum until all the chloroform are removed. Initiator
(Potassiume per sulphate) was purified by twice recrystallizations from
chloroform and refrigerated prior to use.

Homopolymerization

Homopolyerization kinetic experiments were carried out for acrylamide
as follows:

The prescribed amount of monomer AM (1, 1.5, 2 )mol dm=, PS

(1.8x102% , 3x102, 5x102 ) m =~ water were charged in the test
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tubes. Nitrogen gas was bubbled through the mixture for 5 minutes, and
closed firmally. The polymerization reaction was initiated by placing the
tubes in a thermo stated water path at a definite temperature 70 + 0.1°C
After recorded time, the polymerization was stopped by pouring the
reaction mixture in to the a large excess of precipitant absolute ethanol.
The resulting polymers were filtered off, dried under reduced pressure at
40°C to a constant weight. Conversion was estimated using the well-
known gravimetric technique. The reproducibility of the experiments was
ensuring by the replication of runs.

The residual monomer concentration [M] at a given time wass
calculated from relation:

[M]o = [M]o (1-C) 3)

Where, [M]o is the initial concentration of the monomer and C is the
fraction conversion. Thus, the initial rate of polymerization was calculated
from the slope of the time —conversion curve.

Free-radical initiator in Kinetic studies is normally present in low
concentrations, so that their concentrations and thermodynamic activities
are likely to be effectively equal.

Experimental result and their evaluation:
Determination of the rate equation system of (AM-PS-Wt)

The rate of polymerization Rp for a series of monomer and initiator
concentration were calculated from the slope of typical time-conversion
curves .Figure (1-a) show typical time-conversion curves at (fixed initiator
and variable monomer concentration), while figure (1-b) shows typical
time-conversion curves at (fixed monomer and variable initiator
concentration ).

Rp=[M]o /100 X slope 4)

[M]o :Initial concentration of monomer.

Slope: of the initial points of % conversion Vs time.

In such a system, the relation between the rate of polymerization and
the monomer and initiator concentration can be written as :

Rate o [M]* [I]®

Rp=k [monomer]* [initiator]® (5)
Hereax and g the order of the reaction with respect to monomer and
initiator concentrations respectively. The classical rate equation describing
the steady rate in homopolymerization is :

Ro=k [1]>* [M] (6)
K =Ky / k2 (f kq )2 (7)
Where [I] and [M] are the initiator and monomer concentration
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respectively, K is the so called overall rate constant of homopolymerization
which, in terms of Eq.(7), contain the rate constant of elementary
reactions,i.e., those of chain propagation (ky), chain termination k: ) and
initiation (k).

The effect of monomer on the overall rate of polymerization was
studied at sevieral fixed initiator concentration, likewise the effect of
Initiator on the overall rate of polymerization was studied at several fixed
monomer concentration.

Figures (2-a) and (2-b) show the dependence of the polymerization
rate on monomer and initiator concentration, respectively. The following
rate equation was obtained from the slope of the straight lines.

R,= K[AM]0.93 [PS]0'5 (8)
According to the classical Kkinetic treatments of the free radical
polymerization, the relation between the rate of polymerization and the
initiator concentration can be expressed as:

R, a [initiator]®S (9)

On the other hand Eq. (6) does not describe correctly the experiments
in respect to the order of monomer concentration, thus the observed order
(0.93) is in contradiction with the classical kinetic description. In general
classical kinetic description would be expected to follow the monomer-
solvent mixtures which are ideal.
overall activation energy of homoploymerization

The quantitative effect of temperature is complex since R, depend on a
combination of three rate constants— ks , k, and ki . Each of the rate
constants for initiation, propagation, and termination can be expressed by
an Arrhenius-type relationship:

k = AgERT (10)
or
Ink = In A- E/RT (11)

Where A is the collision frequency factor, E the arrhenius activation
energy, and T the Kelvin temperature. A plot of In k verses 1 /T allows the
determination of both E and A from the slope and intercept, respectively.
For polymerization initiated by the thermal decomposition of an
initiator, the polymerization rate depends on the ratio of three rate
constants k, (k¢ / k)¥?>  in accordance with egn.(2). The temperature
dependence of this ratio, obtained by combing three separate Arrhenius-
type equations, is given by:
In {ky [ Ka/ k]"?F=In { Ap [ Add A"’} [ Ert ( Ea/2 )~ (E:/ 2))/ RT
(12)

The composite or overall—activation energy for the rate of
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polymerization

Eris [Ex+(Eq /2) —(E: /2)]. Since Rp is given by egn.(2), one can write
eqn.(12) as:

In Re = In { Ay [ Ad AJY¥ 3+ In [(f [1]Y2 [M])] —( Ewr/RT )
(13)

Er and A, (As /A)Y? can be obtained from the slope and intercept,
respectively, of a plot of In R, verses 1/T.

The kinetic investigation of AM was carried out using initial monomer
concentration of 1 mol dm= at the initial PS concentration of 1.8 x10-2 mol
dm at three different temperatures (56-64°C).

Ry were calculated from the slope of typical time-conversion curves, Fig
(3-a) show typical time-conversion.

An Arrhenius plot of the overall rates of polymerization (R;) is shown
in Fig.(3-b). The value of ( 24.65 ) kJ mol*  was calculated for the
overall activation energy of polymerization of AM, is considerably lower
compared with those of common vinyl monomer [17] . Eq, the activation
energy for thermal initiator decomposition, is in range 120-150 kJ mol* for
most of the commonly used initiator. The, E, and E: values for most
monomers are in the range 20-40 and 8-20 kJ mol, respectively [18]. The
overall activation energy Er for most polymerizations initiated by thermal
initiators decomposition is about 80-90 kJ mol* , therefore, the value of (
24.65 ) kJ mol * suggests that the difference between the activation
energies of propagation and termination reaction is very small, similar
finding have been observed in the polymerization of methyl «-
acetylaminoacrylate [19].

Conclusions

In the present work, we carried out a set of experiments on the
homopolymerization of acrylamide in water with (1-2) mol dm=®  of
monomer and (1.8 x102 — 5 x10? ) mol dm of Potassium per sulfate as
initiator at 70°C. In accordance with theory, an initiator of order 0.5 was
obtained, and deviation from normal Kinetic was observed with an order of
0.93 with respect to the monomer concentration.

The activation energy was determined to be ( 24.65 ) kJ mol*
which is not in satisfactory with the value of most monomer that are
thermally initiated. The observed value of activation energy of (AM- PS-
W1) system suggests that the difference between the activation energies of
propagation and termination reactions is nearly zero.
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Figure (1-a):- Time — conversion curves for radical polymerization of
(AM - PS — W1t ) system at 70 C° as a function of monomer
concentration; [AM],=(1, 1.5, 2) mol dm=; [PS],=1.8 X 10 mol dm,
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Figure (1-b ):- Time — conversion curves for radical polymerization of
(AM - PS — Wt ) system at 70 C° as a function of Initiator
concentration; [PS]o=(1.8 x 102, 3 x 102, 5 x 102) mol dm?; [AM], =2

mol dm=.
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Figure (2-a):- Dependence of overall initial rate of polymerization on

the monomer
concentration at a fixed initiator concentration
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Figure (2-b):- Dependence of overall initial rate of
polymerization on the initiator concentration at a fixed monomer
concentration.
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Figure (3-a):- Time — conversion curves for radical
polymerization of
(AM — PS — Wt ) system at various temperatures; [AM]o,=1 mol.dm;
[PS]o=1.8 X 102 mol dm?.
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Figure (3-b):- Arrhenius plot of overall rate of polymerization Rp for
the (AM - PS — Wt ) System.
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