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ABSTRACT: This article describes the synthesis and char-
acterization of N-(3-methoxyphenyl) itaconimide (MAI) and
N-(4-methoxyphenyl) itaconimide (PAI) obtained by the
reaction of itaconic anhydride with m-anisidine and
p-anisidine, respectively. Structural and thermal characteri-
zation of MAI and PAI monomers was performed with
Fourier transform infrared (FTIR), '"H-NMR, differential
scanning calorimetry (DSC), and thermogravimetric analy-
sis. Copolymerization of methyl methacrylate (MMA) with
various amounts of MAI or PAI ranging from 0.1 to 0.5
was performed in solution with azobisisobutyronitrile as
an initiator. Structural and molecular characterization of
copolymers was performed with FTIR, '"H-NMR, elemental
analysis, and gel permeation chromatography. The nitro-
gen percentage was used to calculate the copolymer com-
position. The monomer reactivity ratios for MMA-MAI
copolymers were found to be 1.00 = 0.01 for MMA and

0.99 = 0.07 for MAI, those for MMA-PAI copolymers
were 0.93 £ 0.02 for MMA and 1.11 * 0.10 for PAIL The
molecular wei%hts of the copolymers were in the range of
0.94-9.7 X 10° (number-average molecular weight) and
3.3-101.8 X 10° (weight-average molecular weight), with
polydispersity indices in the range of 1.5-4.1. The molecu-
lar weight decreased with the increasing molar fraction of
imide in the polymer backbone. The glass-transition tem-
perature, as determined from DSC scans, increased with
increasing amounts of itaconimides in the copolymers. A
significant improvement in the char yield, as determined
by thermogravimetry, was observed upon copolymer-
ization. © 2008 Wiley Periodicals, Inc. ] Appl Polym Sci 109:
987-996, 2008
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INTRODUCTION

In our previous articles,'”"® we investigated the
copolymerization of methyl methacrylate (MMA)
with imide monomers, that is, maleimides or itaconi-
mides having electron-withdrawing or electron-
releasing substituents. The nature of the substituents
as well as the position of the substituents had a large
effect on the physical properties. In our previous stud-
ies, we found that the electron-withdrawing group
had a large effect on the glass-transition temperature
(T,) as well as the copolymerization behavior.

The aim of this work was to investigate systemati-
cally the effect of the methoxy group and its position
in N-aryl itaconimides on the copolymerization
behavior with MMA. This article describes the synthe-
sis, characterization, and radical copolymerization of
N-(3-methoxyphenyl) itaconimide (MAI) and N-(4-
methoxyphenyl) itaconimide (PAI) monomers with
MMA with tetrahydrofuran (THF) as a solvent. Sev-
eral copolymer samples were prepared by the varia-

Correspondence to: V. Choudhary (veenach@hotmail.com).
Contract grant sponsor: Council for Scientific and Indus-
trial Research (to R.C.).

Journal of Applied Polymer Science, Vol. 109, 987-996 (2008)
©2008 Wiley Periodicals, Inc.

ST @WILEY .

... InterScience’

DISCOVER SOMETHING GREAT

tion of the molar fractions of the itaconimides in the
initial feed to investigate the effects of the copolymer
composition and structure on the thermal behavior.

EXPERIMENTAL
Materials
Itaconic acid (Merck, Goa, India), m-anisidine
(Sigma-Aldrich, Seelze, Germany), p-anisidine

(Sigma-Aldrich, Seelze, Germany), methanol (S.D.
Fine Chemicals, Maharashtra, India), chloroform
(S.D. Fine Chemicals, Maharashtra, India), phospho-
rous pentoxide (Qualigens, Mumbai, India), and
silica gel for column chromatography (CDH, Delhi,
India) were used as supplied. Acetone (Qualigens,
Mumbai, India) was dried overnight over potassium
carbonate, and this was followed by distillation. Ace-
tic anhydride (S.D. Fine Chemicals, Maharashtra,
India) was used after distillation. Anhydrous sodium
acetate (CDH) was obtained by fusion. THF (CDH)
(Delhi, India) was dried by refluxing with metallic
sodium and benzophenone followed by distillation.
Azobisisobutyronitrile (AIBN; High Polymer Labs,
India) was recrystallized with chloroform. MMA
(Merck, Goa, India) was washed with diluted so-
dium hydroxide to remove the inhibitor, and this
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Scheme 1 Reaction scheme for the preparation of N-aryl-substituted itaconimides.

was followed by repeated washing with distilled
water until neutrality was achieved. It was dried
over anhydrous sodium sulfate overnight and dis-
tilled under reduced pressure.

Itaconic anhydride was prepared from itaconic
acid with an excess of phosphorous pentoxide as a
dehydrating agent and chloroform as a solvent. The
detailed procedure is reported in our earlier article.?

Preparation of the MAI and PAI monomers

MAI and PAI monomers were synthesized according
to the procedure reported by Searle’* with acetone
as the solvent, as shown in Scheme 1.

Procedure

Itaconic anhydride (0.25 mol) was dissolved in the
minimum amount of dry acetone in a three-necked,
round-bottom flask equipped with a magnetic stirrer
and a reflux condenser. m-Anisidine (0.25 mol), dis-
solved in the minimum amount of dry acetone, was
added slowly with vigorous stirring. The reaction
mixture was vigorously stirred for another 4 h at
40°C. The reaction mixture was then cooled to room
temperature and diluted with a saturated sodium bi-
carbonate solution. A 5% HCI solution was then
added to it with continuous stirring of the solution.
A white precipitate of N-(3-methoxyphenyl) itaco-
namic acid was obtained. The precipitate was fil-
tered, washed with distilled water until the filtrate
was neutral, and dried; this yielded N-(3-methoxy-
phenyl) itaconamic acid (68% yield, mp = 160.6°C),
which was characterized with Fourier transform
infrared (FTIR; 1708, 1668, and 1598 cm ') and 'H-
NMR [300 MHz, CDCl;, 8 = 10.0 (1H, s), 7.3 (1H, s),
72 (1H, m), 7.1 (1H, m), 6.6 (3H, m), 6.1 (1H, s), 5.7
(1H, s), 3.7 (3H, s), and 2.5 (2H, s)].

In the second step, cyclization was carried out by
the addition of 75 mL of dry acetone, 40 mL of acetic
anhydride, and 4 g of sodium acetate to N-(3-
methoxyphenyl) itaconamic acid (0.25 mol) obtained
in the first step. The mixture was refluxed for 2-3 h

Journal of Applied Polymer Science DOI 10.1002/app

until a clear solution was obtained. The solution was
cooled to room temperature and poured into ice-
cold water. The precipitated monomer (MAI) was fil-
tered, washed with a saturated sodium bicarbonate
solution and distilled water, dried, and purified by
the passage of the solution of the monomer in THF
through a silica bed and then concentration of the
THEF solution to give MAI in a 60% yield.

For the preparation of PAI, N-(4-methoxyphenyl)
itaconamic acid was precipitated during the reflux-
ing of 4-anisidine (0.25 mol) and itaconic anhydride
(0.25 mol) in acetone. The precipitated amic acid was
washed with acetone and distilled water and dried
to give purified N-(4-methoxyphenyl) itaconamic
acid (55% yield, mp = 187.7°C), which was charac-
terized with FTIR (1701, 1676, 1596 cm ') and 'H-
NMR [300 MHz, CDCl;, 8 = 9.8 (1H, s), 7.5 (2H, d),
6.9 (2H, d), 6.2 (1H, s), 5.7 (1H, s), 3.7 (3H, s), and
2.5 (2H, s)]. The procedure for the preparation of
PAI was same as that used for the preparation of
MAL

The prepared imide monomers were characterized
with differential scanning calorimetry (DSC), FTIR,
and 'H-NMR. In the DSC scans of monomers, an
endothermic transition due to melting was observed.
The melting points noted from the endothermic peak
position were found to be 73.1 and 111.6°C for MAI
and PAI, respectively. Both monomers were stable
up to 200°C and started degrading after that. The
thermogravimetry (TG)/differential thermogravime-
try (DTG) traces of the monomers are shown in
Figure 1.

In the FTIR spectra of the two monomers, the
characteristic absorption bands due to the imide
group were observed at 1709 + 3 and 1770 = 3 cm™ ",
The absorption band due to —C=C— stretching was
observed at 1662 cm ™.

In the "H-NMR spectrum of MAI in CDCl; [Fig.
2(a)], proton resonance signals due to aromatic pro-
tons were observed at 8 = 7.3-6.8 ppm. The two sin-
glets corresponding to the vinylidene protons were
observed at 8 = 6.4 ppm and & = 5.6 ppm. The reso-
nance signals due to methoxy in the aromatic ring
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Figure 1 TG/DTG traces of the itaconimide monomers:
(a) MAI and (b) PAL

and due to methylene protons were observed at 3.7
and 3.4 ppm, respectively.

Similarly, in the 'TH-NMR spectrum of PAI in
CDCl; [Fig. 2(b)], the two doublets corresponding to
the aromatic protons were observed at 8 = 7.0 and &
= 6.8 ppm. The two singlets corresponding to the vi-
nylidene protons were observed at 8 = 6.5 ppm and
8 = 5.7 ppm, and those due to methoxy in the aro-
matic ring and methylene protons were observed at
3.8 and 3.5 ppm, respectively.

Preparation of the homopolymers and copolymers
of MAI and PAI

Homopolymerization and copolymerization of N-
aryl-substituted itaconimides with MMA were car-
ried out at 60°C under a nitrogen atmosphere in so-
lution with THF as a solvent and AIBN as an initia-
tor. A 10-30% (w/v) solution of the monomers in
THF was placed in a three-necked, round-bottom
flask equipped with a reflux condenser, a CaCl, dry-
ing tube, and a nitrogen gas inlet tube. The whole
assembly was placed in a thermostated bath and
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stirred with a magnetic stirrer. The reaction mixture
was purged with nitrogen, and the temperature was
raised to 60°C. The polymerization was initiated by
the addition of 1% AIBN (w/w) to the monomer so-
lution. The reaction was stopped at a low conversion
(~10-15%) by the contents of the flask being poured
into a large excess of methanol. The precipitated
polymer was washed repeatedly with hot methanol
to remove unreacted monomer and was dried
in vacuo. The homopolymers of MAI and PAI are
designated MAI-10 and PAI-10, respectively.

Similarly, the copolymerization of MAI or PAI
with MMA was also carried out in a nitrogen atmos-
phere at 60°C with AIBN as an initiator and THF as
a solvent. The molar fraction of imides in the initial
feed was varied from 0.1 to 0.5. Copolymers have
been designated as MAI or PAI followed by a nu-
merical suffix indicating the molar fraction of the ita-
conimide in the feed multiplied by 10. For example,
a copolymer prepared with a 0.2 molar fraction of
MAI or PAI has been designated MAI-2 or PAI-2,
respectively.

e

| UL I
b -oca,

AUI I _ /| 1

HEE e He

(a) MAI and (b) PAL
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TABLE I
Sample Designations, Polymerization Conditions, Conversions, and M,,, M,,, and PDI
Values of MMA/ N-(Methoxyphenyl) Itaconimide Copolymers (Temperature of
Polymerization = 60 = 5°C)
Molar fraction

Sample in the feed Conversion M, X 1073 M, X 1073

designation Itaconimide MMA (%/h) (g/mol) (g/mol) PDI
MAI-1 0.1 0.9 12.0 43.3 76.6 1.7
MAI-2 0.2 0.8 10.2 28.0 101.8 3.6
MAI-3 0.3 0.7 7.8 23.8 43.4 1.8
MAI-4 0.4 0.6 6.6 0.94 33 35
MAI-5 0.5 0.5 54 1.0 4.3 4.1
MAI-10 1.0 0.0 4.2 — — —
PAI-1 0.1 0.9 13.2 48.1 84.2 1.7
PAI-2 0.2 0.8 9.6 59.7 92.5 1.5
PAI-3 0.3 0.7 9.0 244 58.3 2.3
PAI-4 0.4 0.6 7.2 52.3 83.0 1.6
PAIL-5 0.5 0.5 6.0 40.1 67.1 1.7
PAI-10 1.0 0.0 4.8 26.1 78.9 3.0

Characterization of TG/DTG traces in a nitrogen atmosphere (flow

The conversion percentage was determined gravi-
metrically. For this purpose, known amounts of the
monomer and solvent were taken and heated in an
inert atmosphere; when it reached a temperature of
60°C, a known amount of the initiator was added,
and that was noted as the starting time of the reac-
tion. After the desired time interval, the reaction was
terminated by the addition of methanol, and the
yield of the polymer was calculated after filtration
and purification by repeated washing with hot meth-
anol and drying. The results are reported as the con-
version percentage per hour. 'H-NMR and FTIR
spectroscopy techniques were used for the structural
characterization of the homopolymers and copoly-
mers. 'H-NMR spectra of the homopolymers and
copolymers were recorded on a Bruker Spectrospin
DPX 300 spectrometer (Fallenden, Switzerland) with
CDCl; as a solvent and tetramethyl silane as an in-
ternal standard. FTIR spectra of the polymers were
recorded as thin films with a Nicolet FTIR spectro-
photometer (Waltham, MA). An Elementar Vario EL
(Hanau, Germany) was used for C, H, and N analy-
sis.

A Waters gel permeation chromatograph (Milford,
MA) equipped with a high-resolution and high-tem-
perature PLgel 5-u mixed column (300 X 7.5 mm?)
along with a refractive-index detector was used to
determine the molecular weights and molecular
weight distributions of the polymers. THF was used
as an eluent at a flow rate of 1.0 mL/min.

A PerkinElmer Pyris 6 differential scanning calo-
rimeter (Waltham, MA) was used for the thermal
characterization of the polymers. DSC scans were
recorded in a static air atmosphere at a heating rate
of 10°C/min with 5 = 1 mg of powdered samples.
Thermal stability was determined by the recording
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rate = 60 cm®/min) with a PerkinElmer Pyris 6 ther-
mogravimetric analyzer (Waltham, MA). A heating
rate of 20°C/min and a sample size of 10 = 1 mg
were used in each experiment.

RESULTS AND DISCUSSION
Molecular characterization

The details for the feed composition, conversion per-
centage per hour, and molecular weight of the
copolymers are given in Table I. The conversion per-
centage per hour decreased with the increasing
molar fraction of the comonomer (MAI or PAI).

The number-average molecular weight (M,),
weight-average molecular weight (M,,), and molecular
weight distribution of the polymers were determined
by gel permeation chromatography. The MMA-MAI
and MMA-PAI copolymers had molecular weights
in the ranges of 0.94 X 10° to 433 X 10° (M,,) and 3.3
X 10° to 101.8 X 10® (M,,) and 24.4 X 10° to 59.7 X 10°
(M,) and 583 X 10° to 92.5 X 10° (M,,), respectively.
The polydispersity index (PDI) of the MMA-MAI and
MMA-PAI copolymers was in the range of 1.54.1.
The MMA-PAI copolymers were obtained with higher
molecular weights in comparison with the MMA-
MAI copolymers. In the MMA-MAI copolymers, the
molecular weight decreased significantly with an
increasing amount of itaconimide, whereas in the
MMA-PAI copolymers, there was no definite trend as
a function of increasing PAI content.

Structural characterization

Figure 3 shows the '"H-NMR spectra of MMA-MAI
and MMA-PAI copolymers. In the "H-NMR spectra
of MMA-MAI copolymers [Fig. 3(a)], the proton res-
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Figure 3 'H-NMR spectra of (a) MMA-MAI copolymers
and (b) MMA-PAI copolymers.

onance signals corresponding to the aromatic pro-
tons were observed in the region of 8 = 7.3-6.9 ppm.
The methoxy attached to the aromatic ring and ester
was observed at 8 = 3.8 and 3.65 * 0.05 ppm, respec-
tively. The methylene of the imide ring was observed
at 8 = 2.5 ppm. The intensity of the signals due to ar-
omatic protons (8 = 7.3-69 ppm) and methoxy
attached to the aromatic ring (8 = 3.8 ppm) increased
with an increasing concentration of MAI in the initial
feed. The other characteristic signals observed at
= 21-14 and 8 = 1.0-0.8 ppm were due to —CH,
and —CHj; of MMA, respectively.

Similarly, for the copolymers of MMA and PAI,
the resonance signals due to —OCH; protons on the
aromatic ring and —OCH; of MMA were observed
in the regions of 8 = 3.7 ppm and & 3.6-3.5 ppm,
respectively, and aromatic protons of N-aryl itaconi-
mide were observed at 8 = 7.2-6.9 ppm. The other
characteristic signals observed at 8 = 1.8-1.3 ppm
and 1.0-0.7 ppm were due to —CH, and —CHj pro-
tons of MMA, respectively. Here again, the intensity
of the signals due to aromatic protons increased
with an increasing concentration of N-aryl-substi-
tuted itaconimide in the initial feed [Fig. 3(b)].

991

TABLE II
Details of the Feed Composition and Results for the
Copolymer Composition Determined from the
Nitrogen Content in MMA/N-(Methoxyphenyl)
Itaconimide Copolymers

Molar fraction

Sample Nitrogen of MAI/PAI
designation (%) Feed Copolymer

MAI-1 1.29 0.1 0.10
MAI-2 225 0.2 0.20
MAI-3 3.18 0.3 0.31
MAI-4 3.79 0.4 0.40
MAI-5 447 0.5 0.51
PAI-1 1.31 0.1 0.11
PAI-2 225 0.2 0.20
PAI-3 3.43 0.3 0.34
PAI-4 3.78 0.4 0.39
PAI-5 4.73 0.5 0.56

The nitrogen percentage was used to calculate the
molar fraction of itaconimides in the copolymers,
and the results are given in Table II. Copolymer
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Figure 4 DSC scans of (a) MMA-MAI copolymers and
(b) MMA-PAI copolymers.
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TABLE III
Results of DSC Scans of MMA/N-(Methoxyphenyl) Itaconimide Copolymers (Heating
Rate = 10°C/min)

Molar fraction of

Sample itaconimides
designation Feed Copolymers T, (°C) T, (°C) Ty (°C) T, (°C)*
MAI-1 0.1 0.10 125 133 138 107
MAI-2 0.2 0.20 128 143 153 109
MAI-3 0.3 0.31 120 143 147 110
MAI-5 0.5 0.51 152 159 165 113
MAI-10 1.0 1.00 107 116 123 —
PAI-1 0.1 0.11 128 149 156 127
PAI-2 0.2 0.20 149 166 174 142
PAI-3 0.3 0.34 160 180 187 164
PAI-5 0.5 0.56 189 203 211 192
PAI-10 1.0 1.00 220 234 245 —

? Calculated with the Fox equation.

composition data were used to calculate the mono-
mer reactivity ratios of the monomers with Fine-
man-Ross and Kelen-Tiidos methods. The monomer
reactivity ratios for the MMA-MAI copolymers were
found to be 1.00 = 0.01 for MMA and 0.99 * 0.07
for MAI, and those for MMA-PAI copolymers were
0.93 = 0.02 for MMA and 1.11 *= 0.10 for PAI; this
showed that the copolymers were close to azeotropic
polymerization.

Thermal characterization
DSC studies

The DSC scans of various copolymers were recorded
primarily to study the effects of the copolymer struc-
ture and composition on T, of the copolymers. Fig-
ure 4 shows the DSC scans of MMA-MAI and
MMA-PAI homopolymers and copolymers. A shift
in the baseline due to the glass transition was
observed in all the samples. To fully characterize the
glass-transition region, the following temperatures
were noted, and the results of DSC traces are sum-
marized in Table III.

In the DSC scans of MMA-MAI and MMA-PAI
copolymers, a single endothermic shift in the base
line corresponding to T, was observed. The extrapo-
lated onset temperature (T,), T,, and extrapolated
end-set temperature (Ty) increased with increasing
amounts of itaconimides in the copolymers.

In case of MMA/N-aryl-substituted itaconimide
copolymers, a significant increase in T, was observed
upon the incorporation of imide into the polymer
backbone. An increase in T, with electron-donating
substituents in N- aryl—subst1tuted itaconimides can be
explained on the basis of the resonance structure, as
shown in Scheme 2. Because of the presence of an
electron-releasing group, the polarity of the carbonyl
increases, and thus T, increases. This observation is in
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accordance with the studies carried out by Oishi
et al,”"7 who studied the polymerization of N-alkyl-
substituted maleimides with styrene and observed
that the softening points of N-alkyl-substituted malei-
mides increased with an increase in the polarization
of carbonyl groups.

Also, in the homopolymer of PAI that is, PAI-10,
having —OCHj3; at the p-position, T, was higher than
that of the corresponding homopolymer having
—OCH; at the m-position, that is, MAI-10. This
shows the effect of the position of the same substitu-
ent on the aromatic ring. In PAI-10, the presence of
a methoxy group at the p-position in the aromatic
ring gives a more symmetrical structure in compari-
son with MAI-10, in which the —OCHj; is at the m-
position. This is in accordance with the fact that T,
increases with an increase in symmetry.'®

The theoretlcal values of T, calculated with the Fox
equation," were close to the experimentally obtained
values for the MMA-PAI copolymers, but for the
MMA-MAI copolymers, the calculated values were
very low in comparison with the experimentally
obtained values. This could be due to the fact that the
T, value of the MAI homopolymer (i.e., MAI-10) used
for the calculation was very low as it had a very low
molecular weight and had not reached the limit at
which it was independent of the molecular weight.

Figure 5 shows the variation of T, as a function of
the imide content in the polymer backbone for
MMA /N-aryl-substituted itaconimide copolymers.
As expected, the copolymers containing MAI in the

0 o
Hom — Yo

‘N - N

0 o)

Scheme 2 Resonance in N-aryl-substituted itaconimides.



COPOLYMERIZATION OF METHYL METHACRYLATE

250 — e

- -

200 5 /

T, °0)

- MMA-MATI Copolymers
-+ MMA-PAI Copolymers

T P — S

0 0t 02 03 04 05 06 07 08 09 1
Mol Fraction of ltaconimide in Copolymers (F,)

S —

Figure 5 Variation of T, with the molar fraction of N-
aryl-substituted itaconimides in the copolymers.

polymer backbone showed lower T, values than
MMA-PALI copolymers of a similar composition.

Thermal stability

The thermal stability of the homopolymers and
copolymers was determined by the recording of TG/
DTG traces in a nitrogen atmosphere. TG/DTG
traces of homopolymers and copolymers are shown
in Figures 6-8, and the results are summarized in
Table IV.

In the case of poly(methyl methacrylate) (PMMA),
three-step degradation was observed for samples
obtained under similar polymerization conditions,
and this is well reported in the literature.**! The
relative thermal stability of the copolymers was
assessed by a comparison of the mass loss in the
temperature ranges of 150-250, 250-350, and 350-
700°C and the char yield percentage at 700°C and by
the calculation of the integral procedural decomposi-
tion temperature (IPDT) according to the procedure
of Doyle with eq. (1). IPDT values for the homopoly-
mers and copolymers were determined in the tem-
perature range of 100-700°C:

IPDT = A*(Ty — T}) + T,

where A* is the ratio of the area under the TG trace
to the area of the rectangular plot bounded by the
TG trace, Ty is the final temperature (700°C), and T;
is the initial temperature (100°C).

MAI-10 was stable up to 200°C, whereas PAI-10
was stable up to 300°C and started degrading after
that. Both homopolymers degraded in two steps
above this temperature and showed higher thermal
stability than PMMA. The formation of head-to-head
linkages is negligible in such homopolymers. This
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could be due to the steric hindrance caused by bulky
side groups. IPDT values for the imide homopoly-
mers were higher than that for PMMA, and the
observed trend was as follows:

PAI-10 > MAI-10 > PMMA

The char yield at 700°C, on the other hand,
showed a different trend:

MAI-10 > PAI-10 >>>> PMMA

Similarly to MMA-MAI and MMA-PAI copolymers,
the thermal stability of PMMA increased upon
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Figure 6 TG/DTG traces of the homopolymers: (a)
PMMA, (b) MAI-10, and (c) PAI-10.
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Figure 7 TG/DTG traces of the MMA-MALI copolymers: (a) MAI-1, (b) MAI-2, (c) MAI-3, (d) MAI-4, and (e) MAI-5.

copolymerization with N-aryl-substituted itaconi- Also, the IPDT values calculated for MMA /N-
mides, and it showed higher thermal stability  aryl-substituted itaconimide copolymers (435-512°C)
for MMA-PAI copolymers than MMA-MAI  were found to be higher than that for PMMA
copolymers. (341°C), showing an increase in the thermal stability

Journal of Applied Polymer Science DOI 10.1002/app



COPOLYMERIZATION OF METHYL METHACRYLATE

120

995

30T 120 - 20E
@ | E K w | E
100} . S 100} i 3 s
- 39%°C "\n' 20 vt < 15
2} ] '1 - ~— -~
£ oot ! 5 < sof )
- i . £ 410 v
£ H : 2 2
z 40 ! ‘t 3 7 40 1°3
_~ - .,' - °
e \ 2 >
1 S e s K l I— \\-.._......... 0%
20F o 20F o
o -~ T
0 2 ‘n” ¢ 1 -0 i 0 1 i 493 c A -5 i
100 200 400 600 800 100 200 400 600 800 ~
Temperature (°C) Temperature (C)
120 5% 120 20E
297 (© £ i @ 3
100l J20 3 100 07k {35
>0 - .\' ‘. .7:'
g e} {55 £ 80 i °
£ v 6 i 1°%
2 el 103 § 60 4 "
(4 [ ; H >
b 483°c z = i 15 %
40 | / 15 ¢ 40 A 2
— ': hd o [
20 S \ 08 ] S O 08
sae’c T 492% T
0 | I 1 -5 i 0 A P | 1 s i
100 200 400 600 800 100 200 200 600 800
Temperature (°C) Temperature (°C)
120 20 ¢
. (e) €
) i b
< 80 : z
'.F; \‘. - 10 -a
2 so} / - 3
= Ja% p {5 %
401 ',' ’g‘
-~ meases® s SO -
20 :--.- . N o g
490°C g
0 1 1 1 -5 i
100 200 400 600 800 -
Temperature (°C)

Figure 8 TG/DTG traces of the MMA-PAI copolymers: (a) PAI-1, (b) PAI-2, (c) PAI-3, (d) PAI-4, and (e) PAI-5.

upon the incorporation of N-aryl-substituted itaconi-
mides into the backbone.

PAI-1 and PAI-2 copolymers also degraded in sin-
gle steps with a major mass loss in the temperature
range of 350-700°C. The weight loss in the tempera-
ture range of 250-350°C (due to end unsaturation)
showed a decrease when lower amounts of imide
were incorporated into the copolymer, but it
increased when higher amounts of the imides were

incorporated. This could be due to the formation of
low-molecular-weight polymers at a higher feed ra-
tio of imide; this meant more chain ends per unit of
weight of the copolymer.

CONCLUSIONS

MAI and PAI were successfully synthesized and
copolymerized with MMA. A significant increase in
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TABLE IV

CHAUHAN AND CHOUDHARY

Results of Thermogravimetric Analysis of MMA/N-(Methoxyphenyl) Itaconimide
Copolymers in a Nitrogen Atmosphere (Heating Rate = 20°C/min)

Mass loss (%)

Sample Char yield at
designation ~ 50-250 (°C) 250-350 (°C) 350-700 (°C) 700°C (%) IPDT (°C)
PMMA 133 22.6 64.1 0 341
MAI-1 8.2 15.5 61.7 14.6 449
MAI-2 2.7 9.1 73.3 14.9 459
MAI-3 1.8 10.9 65.2 22.1 458
MAI-4 0.9 10.0 69.3 19.8 500
MAI-5 15 44 71.8 22.3 484
MAI-10 1.7 23.5 522 22.6 408
PAI-1 45 6.4 79.5 9.6 435
PAI-2 6.4 7.3 72.4 13.9 475
PAI-3 45 8.2 75.1 12.2 512
PAI-4 3.0 7.5 68.1 214 466
PAI-5 22 3.0 72.3 22.5 498
PAI-10 1.7 1.7 77.9 18.7 484

the T, values and thermal stability was observed
upon the copolymerization of these monomers with
MMA. It was observed that the T, values and ther-
mal stability were higher for the p-substituted itaco-
nimide than the corresponding m-substituent.
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