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‘The kinetics of foamed polymerization of acrylamide were studied
for the first time. These studies began with the synthesis and character-
ization of the starch-g-polyacrylamide and polyacrylamide homopolymer using

potassium persulphate as initiator by the foamed polymerization process. The
chain scis=ion of the water soluble starch in the presence of alkali foaming

agent ,Na;C0O;, was found in that its molecular weight was reduced. The
kinetics of foamed polymerization of acrylamide using potassium persulphate
as initiator under the isothermal condition were studied. The acrylamide
monomer and potassium persulphate initiator concentrations studied were
ranged from 2.44 to 3.66 mol/L and from 1.22x107 to 6.10x107° mol/L ,
respectively. The studied temperature was ranged from 70 to 90°C. The
differential scanning calorimetry (DSC) techaique was used for the

-

measurement of polymerization kinetics. The dependences of the initial rate

of polymerization on monocmer and initiator concentrations were found to be
raised to 1.21 and 0.50 power ,respectively. The rate of polymerization

(Rp) is R, = K{AM]:#[K;5;04)"*. The average overall rate constant at 70°C is

5.45%10"? L/mol-s. The overall activation energy is 58.4 kJ/mol.

The thermal effect of the foamed polymerization of acrylamide
under non-isothermal condition was studied. During the course of polymer-
ization,the temperature of the system was allowed to rise exothermically
and led to the occurrence of autoacceleration reaction in the system. It
was also found that the larger scale of polymer synthesis, the increase in
the reaction mass and the lower surface area/volume ratio of reactor
enhanced the rise in temperature and autoacceleration reaction in the
system. The autoacceleration reaction leads to the higher polymerization
rate and the higher monomer conversion to polymer.
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NOMENCLATURE"

1 : The intrinsic viscosity

R* : The primary radical

M, : The propagating radical containing one monomer molecule
M, : The propagating radical containing n monomer molecules
S:05  : The persulphate anion

SOs™  : The radieal of sulphate anion
HSO,~ : The hydrogen sulphate anion

*OH : The hvdroxy radical
'SOH : Starch backbone
SO’ . Starch macroradical
ky : The rate constant for the initiator dissociation reaction
k; : The rate constant for the initiation reaction
kp : The rate constant for the propagation reaction
k. : The rate constant for the termination by

combination reaction
kg : The rate constant for the termination by
disproportionation reaction
ky : The rate constant for chain-transfer reaction
: The rate constant for the association reaction
of acrylamide and the radical of sulphate anion
ky : The rate constant for the reaction between the radical
of sulphate anion and water
: The rate of the initiation reaction -

: The rate of the polymerization or of the propagation reaction

N

: The rate of the termination reaction

[M] : The monomer concentration



[1] : The initiator concentration

[(M’] : The total concentration of all of growing radicals

(8O477°048) : The sulphate radicals in the compact cage

§80,77°0,4S} : The sulphate radicals in the diffused cage

{804"-“'048} : The complex association between the monomer and
the radical of sulphate anion

: The dead ended polymer

. The initiator efficiency

: The collision frequency factor

m o> - o

: The activation energv
: The overall rate constant

. The gas constant

alie

: Acrvlamide

S-g-PA  : Starch graft polvacrvliamide

WSS : Water soluble starch

NaEDTA : Sodium ethylenediamine tetraacetate
Na;CO; : Soditim carbonate

K250 : Potassium persulphate

CH.COOH  : Acetic acid

HNO, ﬁitric acid

H,0 ;- Water

FT-IR _ ": Fourier transform Infra-red spectroscopy

DSC : Differential scanning calorimeter

TGA : Thermogravimetric analvzer

C : The percentage of acrylamide conversion at a given time
o : The percentage of acrylamide conversion at a given time

in the isothermal exotherm
AH; : The total isothermal exotherm




AH; ¢ The total scanning exotherm

Tm : The maximum temperature of non-tsothermal foamed
: polymerization system

Tv : The water bath temperature

o.d. : Outer diameter

g. : Gram

mol/L  : Mole per litre

M : Molar or mole per litre

ml. : Millilitre

cm.’? : Cubic centimetres

cm. : Centimetre

mol/L-s : Mole per litre per second
mol/Lx10* : 10 times mol/L
mol/L-s x10° : 107 times mol/L-s
L/mol-s : Litre per mole per second

sec : Second

min : Minute

pm : Round per minute
% : Percent

Jig : Joule per gram

molkg : Mole per kilogram

mmol’kg : Millimole per kilogram

kcal/mol - :* Kilocalory per mole -

kJ/mol = " : Kilojoule per mole

kcal/deg.mol : Kilocalorv per degree per mole

ppm. : Part per million
°C : Degree in Celsius
K : Degree in Kelvin
Vvs. : Versus

Us. Pat. : United States of American Patent
Eur, Pat. : European Patent
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