This article was downloaded by:

On: 24 January 2011

Access details: Access Details: Free Access
Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Macromolecular Science, Part A
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597274

Study of the Isothermal Bulk Copolymerization of Acrylic and Methacrylic
Acid Esters
T. Malavasic®, U. Osredkar®; I. Anzur?; 1. Vizovisek®

2 Chemical Institute “Bori¢ KidriE” and Department of Chemistry, University “Edvard Kardelj”,
Ljubljana, Yugoslavia

To cite this Article Malavasic, T., Osredkar, U., AnZur, L. and Vizovisek, 1.(1983) 'Study of the Isothermal Bulk
Copolymerization of Acrylic and Methacrylic Acid Esters', Journal of Macromolecular Science, Part A, 19: 7, 987 — 997

To link to this Article: DOI: 10.1080/00222338308081079
URL: http://dx.doi.org/10.1080/00222338308081079

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi |l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597274
http://dx.doi.org/10.1080/00222338308081079
http://www.informaworld.com/terms-and-conditions-of-access.pdf

20:12 24 January 2011

Downl oaded At:

J. MACROMOL. SCL—-CHEM., Al19(7), pp. 987-997 (1983)

Study of the Isothermal Bulk Copolymerization
of Acrylic and Methacrylic Acid Esters*

T. MALAVASIC, U. OSREDKAR, I. ANZUR, and L. VIZOVISEK

Chemical Institute "Boris Kidri&'" and Department of Chemistry
University "Edvard Kardelj"
Ljubljana, Yugoslavia

ABSTRACT

The course and kinetics of the isothermal bulk polymerization
of ethyl acrylate, 2-ethylhexyl acrylate, and methyl methacry-
late and their copolymerization in different mol ratios were
studied by differential scanning calorimetry at 363 K. The
initiator used was 2,2'-azoisobutyronitrile. The courses of
reaction, the copolymerization enthalpies, the copolymerization
parameters, and the specific constants of the rate of polymeri-
zation were determined.

INTRODUCTION

The first to study the course and kinetics of the isothermal bulk
polymerization of methyl methacrylate by differential scanning
calorimetry (DSC) were Horie et al. [ 1]. The kinetics of polymeri-
zation of styrene by DSC was investigated by Ebdon et al. [2], and
the copolymerization of styrene and acrylonitrile by Sebastian and

*Part of this work was presented at the IUPAC 28th Macromolecu-
lar Symposium in Amherst, Massachusetts, July 1982.
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and Biesenberger [ 3]. Theoretically, the enthalpy of copolymeriza-
tion was studied by Sawada [ 4] and Alfrey and Lewis [5].

By a similar method using DSC, we 1) studied the course and
kinetics, under various conditions, of isothermal bulk polymerization
of methyl methacrylate [ 6] and vinyl acetate [7]; and 2) compared
the course of isothermal bulk polymerization of three acrylic mono-
mers differing only in the substituent on the second C atom in the
molecule: methyl acrylate, methyl methacrylate, and methyl-2-
chloroacrylate in the presence or absence of ZnCl. [8] .

The kinetics of polymerization of esters of methacrylic acid,
mainly of methyl methacrylate, at low and high conversion was
studied extensively theoretically and practically also by other
methods than DSC, It was found that the increased viscosity of the
reaction medium causes a decrease of the mobility of polymer radi-
cals and that therefore the termination is diffusion controlled [9‘14].

Theoretically, the diffusion-controlled reaction can be divided
into three processes: the translational diffusion of the center of
mass of the polymer molecules; the translational and rotational
diffusion of the active chain-ends (segmental diffusion}); and, after
all positional factors are favorable, the chemical reaction. At the
radical termination reactions of alkyl methacrylates, the segmental
<[iiffusioil process of the chain ends is the rate-determining step

11, 13].

The polymerization of esters of acrylic acid was also investigated.
It was found that the rate of polymerization is higher than the rate
of polymerization of esters of methacrylic acid and that the rate is
affected by ester groups due to steric effects [ 15-17].

In the present work the enthalpy of the radical bulk copolymeriza-
tion of ethyl acrylate (EA) with 2-ethylhexyl acrylate (EHA) and of
methyl methacrylate (MMA) with EA and EHA was measured by DSC
during the entire reaction time,

EXPERIMENTAL
Materials

EA, MMA, and EHA were freed of inhibitor and distilled under
nitrogen at reduced pressure. The initiator 2,2'-azoisobutyronitrile
(AIBN) was recrystallized from absolute ethanol.

Method

The radical copolymerization of EA with EHA, EA with MMA,
and EHA with MMA in molar ratios 3:1, 1:1, and 1:3 was investi-
gated isothermally at 363 K using the differential scanning calorim-
eter DSC-2, Perkin-Elmer. To have a suitable time of polymerization
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FIG. 1. Course of isothermal polymerization of EA and EHA and
their copolymerization in molar ratios 3:1, 1:1, and 1:3 at 363 K in
the presence of 2.5 X10”% mol/L AIBN.

for measurements in DSC, 2.5 x 10" ? mol/L of AIBN was added as
initiator in the case of polymerization of EA with EHA and 5 x 10”2
mol/L in the case of EA with MMA and EHA with MMA. The enthalpy
of copolymerization was calculated from the areas between the DSC
curves and the baseline [ 6] which was obtained by back-extrapolation
of the straight line, recorded after the polymerization was finished.
The calorimeter was calibrated with reference to the melting

heat of indium. The DSC curves were digitized on-line and processed
by the computer.

RESULTS AND DISCUSSION

Figure 1 shows the course of the isothermal bulk homopolymeriza-
tion of EA and EHA and the course of copolymerization of EA with
EHA. Under the same conditions the polymerization of EA is faster
and more exotherm than the polymerization of EHA. The polymeri-
zation of EA and EHA and their copolymerization is very fast imme-
diately after the beginning of the reaction, similar to the polym-
erization of methyl acrylate [ 8]. For this reason the usual method
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FIG. 2. Course of isothermal polymerization of EA and MMA and
their copolymerization in molar ratios 3:1, 1:1, and 1:3 at 363 K in
the presence of 5 X 10" mol/L AIBN.

for evaluation of kinetics at steady-state conditions as in the case of
MMA [6] could not be used.

From these data and from published results it can be concluded
that the polymerization of all acrylic esters proceeds in a similar
way, differing only in the rate of polymerization. However, substi-
tution of the second C atom in the molecule of acrylic acid esters,
which influences the mobility of the polymer chain and increases
steric hindrance during polymerization, can change the course of
polymerization,

Therefore, for further work MMA was chosen as comonomer,
Figure 2 shows the course of polymerization of MMA and EA and the
course of copolymerization of MMA with EA, and Fig. 3 shows the
corresponding courses for MMA and EHA. As expected, in the initial
part of reaction the rate of reaction is nearly constant in all systems.
The steady-state part of the reaction is of different duration for
different systems.

For instance, in the copolymerization of MMA with EHA in
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FIG. 3. Course of isothermal polymerization of EHA and MMA
and their copolymerization in molar ratios 3:1, 1:1, and 1:3 at 363 K
in the presence of 5 x 10" mol/L AIBN.

equimolar ratio, the accelerated reaction characteristic for each
monomer completely disappeared.

The course of polymerization of MMA measured by DSC is in
agreement with the model predicted by Dionisio and O'Driscoll [ 18]
for polymerization at high conversion, expressed by the following
equations:

dx fe, M2

(—d ) (17201 - x)(1 +v) (1)
dt k
t
where x is conversion of monomer

t is the time
k , k , k are rate constants for initiator decomposition,

t
¢ Pt polymerization, and termination between non-
entangled radicals
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f is the initiator efficiency
[1] is the initiator concentration
y is the gel effect index

and
e () o (Y

where @ is a dimensionless parameter defined as (ktc/kt)‘/ 2

kt is the rate constant for the termination reaction between
entangled radicals

nc is the critical polymer chain length

v is the instantaneous chain length of the polymer produced
from nonentangled radicals

The model proposes a critical chain length nc such that the radi-
cals with chains longer than n, are considered to be entangled and

therefore hindered from moving. After about 35% conversion, accord-
ing to the proposed model, '"most of the polymer chains are entangled
and the nonentangled radicals terminate predominantly with the far
more numerous entangled radicals,' which is expressed as a sharp
increase in the rate of release of polymerization enthalpy in the

DSC curve. The "critical conversion' is temperature independent
[6]. Inthe steady-state region of polymerization the last term of

Eq. (1) is 1. Therefore Eq. (1) becomes the same as Eq. (5) that

we normally use to evaluate the overall kinetic rate constant for
polymerization from DSC data [ 6].

The molecular weight of the acrylic acid ester polymers is
assumed to be in agreement with data found for MA. Namely, at the
beginning of the reaction the degree of polymerization of MA was
already found to be more than two times higher than the degree of
polymerization of MMA [ 16]. Also, from sharp increase of the rate
of reaction which can be seen in the DSC curves, it can be concluded
that entanglement of the polymer chains starts immediately. The
fact that the gel effect is less expressed in copolymers can be
explained only with changed conditions when a comonomer is being
incorporated into the polymer chain. The incorporation may change
the flexibility of polymer chains, alter the dimensions of the coiled
polymer chains [ 19], and affect steric hindrances.

The copolymerization enthalpies calculated from the areas under
the DSC curves are given in Table 1 and Fig. 4.

Sawada [ 4] proposed for random copolymerization

AH = AHHX1 + &H

cop X +X1X Q (3)

2272 2
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TABLE 1. Copolymerization Enthalpies of EA with EHA, EA with
MMA, and EHA with MMA at 363 K, [AIBN] = 2.5 X 10" ° mol/L*
or 5 xX107% mol/L**

Copolymerization enthalpies (kJ/mol)

Sample Monomer 1 3:1 1:1 1:3 Monomer 2

EA-EHA* - 80.7 80.0 79.4 78.8 178.2 -0.2
EA-MMA#** 80,7 76.5 71.9 66.0 56.8 13.1
EHA-MMA** 78,2 74.4 69.8 63.5 56.8 8.2

A\

—x— MMA-EA
—o— MMA-EHA
80 | T:=363K

{AIBN] = 5-1072 mol/L

enthalpy of copolymerization [kJ/mol]
2
o
1]
X\
\o

-50 - 3 o 1 -
1.0 0.7 05 0.25 0.0 MMA )
00 0.25 05 0.75 10 EHAresp.Ea Mot fraction

FIG. 4. Copolymerization enthalpies calculated from DSC data for
the systems EA-MMA and EHA-MMA,

where AHcop is the copolymerization enthalpy, AHu and AH22 are
the polymerization enthalpies of Monomers 1 and 2, Ale and AH21

are the copolymerization enthalpies of Monomer 1 with Monomer 2
and vice versa, and X1 and X2 are mol fractions of monomeric

groups 1 and 2 in the copolymer.



20:12 24 January 2011

Downl oaded At:

994 MALAVASIC ET AL.

N A —_———- — MMA:EHA:=1:3
e [ e MMA: EHA=1:1
A-a ———e === MMA:EHA:=3:1
—_—————— MMA
0.6 |
I/ /
/7 /,

r'd

0s // I
7

7/
. / , ///
. Ve ~
1/ , ,//
/ 7 7~
/ ’ -~ /
03 b J RSt
/ // /;/
e s s
02 F ’ - -~
/S s =T
’ /’ =
l’ ’ v//
01 - "//ﬂ"’
-
00 N N I 1 | | L 1 e
0 50 100 150 200 250 300 350 400
time [s}

FIG. 5. Initial rate constants for the copolymerization of EHA with
MMA in molar ratios 3:1, 1:1, and 1:3 at 363 K in the presence of
5x 10"2 mol/L AIBN,

The copolymerization parameter Q2 is defined as
Q= AH12 + AH21 - (AH11 + AH22) (4)

and is independent of composition. Q for the copolymerization of EA
with EHA, of EA with MMA, and of EHA with MMA was calculated.
The values are given in Table 1.

By determining the areas under the DSC curves [ 6] by using the
equation

A
In < >= k't (5)
A-a

fk, 12
where k' is the composite rate constant kp < _4d ) [I()] V2 A g
k

the total area, and a is the partial area under the DSC curve up to
time t, the overall rate constants of copolymerization within the
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FIG. 6. Initial rate constants for the copolymerization of EA with
MMA m molar ratios 3:1, 1:1, and 1:3 at 363 K in the presence of

5x1072

mol/L AIBN.

TABLE 2. Composite Rate Constants of Copolymerization for the
System MMA-EHA and MMA-EA, T =363 K, [AIBN] =5 x 1072

mol/L
Sample k' (s7') x 10°
MMA 1.1
MMA-EHA 3:1 1.2
MMA-EHA 1:1 1.6
MMA-EHA 1:3 1.8
MMA-EA 3:1 1.1
MMA-EA 1:1 1.3

MMA-EA 1:3 2.1
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steady-state of reaction for the first-order reaction with respect to
the monomer concentration were evaluated. The areas and rate
constants were calculated by on-line digitizing the DSC curves and
processing them by computer. Figure 5 shows the plot of

A
In ( ) vs time for the copolymerization of MMA with EHA and
A-a
Fig. 6 for the copolymerization of MMA with EA, The composite rate
constants were calculated from the linear part of the curves. The
values obtained are given {n Table 2, The linear parts of these dia-
grams becomes shorter with an increase of acrylic acid ester con-
centrations.

CONCLUSIONS

The polymerization of acrylic acid esters proceeds very fast at
the beginning of the reaction, while the polymerization of methacrylic
acid esters is stationary in the early stage of polymerization, obeying
the first-order reaction with respect to the monomer concentration,
This stage is followed by a strongly expressed gel effect. In copolym-
erizations the initial rate of polymerization of acrylic acid esters
and the gel effect of methacrylic acid esters are moderated. At
some ratios between the monomers the accelerated reaction com-
pletely disappears. From DSC curves of the enthalpies of copolym-
erization, the composite rate constants for the first-order reaction
were calculated, while from enthalpy vs copolymer composition
diagrams the copolymerization parameters Q were calculated.
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