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ABSTRACT

The copolymer of Itaconiclacrylic acids is synthesized via emulsion polymer-

ization, and then it is used as an aqueous solution along with an ion-

leachable glass with L (+) tartaric acid for formulation of the glass ionomer

cement. It is found that increase in average molecular weight and concen-
tration of the polymeric liquid both linearly increase the compressive and

bending strengths . Although, the latter has non-linear effects on the working

and setting times as well as on the PIL ratio, it has, however a linear

decreasing effect on the solubility of the cements in water. It is found that

physical and mechanical properties of the formulated sample fall within the

range of some well known commercial samples.
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INTRODUCTION

The glass ionomer formulations comprise a powder
and a liquid . All the varieties employ the same

powder, based on alum inosilicate glass and the liquid

part which is an aqueous solution of a polyacid such

as polyacrylic or copolymer of acryliclitaconic acids
or acrylic/maleic acids, stabilized with 5% (+) tartaric

acid . On mixing the solution with the powder, the so-

called setting reaction takes place and a polymeric
salt forms via an acid-base reaction . This salt is the

glass ionomer (polyalkenoate) cement which could be
bounded, according to Figure 1, to the apatite of the

tooth [1].
Typical practical formulations have employed a

50 percent m/m solution of polyacrylic acid with a
mean molecular weight of 23,000 [2, 3] and a 47 .5

percent m/m solution of a copolymer of acrylic/ha-
conic acids with a mean molecular weight of 10,000

[4] . The effect of molecular weight, ranging from
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Figure 1 . Mechanism of setting and adhesion of glass
ionomer cement to the apatite [1].

3,500 to 230,000 of polyacrylic acid on physical pro-
perties of glass-ionomer cements, at the same concen-
tration of 25 percent m/rn, was studied by Wilson and
Crisp [5] . This study revealed that at equivalent acid
concentration and powder/liquid ratio, polyacids of
high molecular weight yield cements of enhanced
strength, but the high viscosity of their aqueous
solutions imposes a limitation on their use and the
working time of the cement pastes is reduced.

Moreover, the powder/liquid (P/L) ratios have
to be lowered and the polyacids themselves can be
used only at relatively low concentrations (about 15%
mlm) .

Glass ionomer cement exhibits more strength
from mechanical interlocking forces than from the

chemical bond strength itself when resisting occlu-
sional forces . Furthermore, this strength (due to
mechanical interlocking forces) is maintained over a
long period, and because of this strength, the marginal
seal can be preserved. The compressive strength of
glass ionomer luting cement is about 160—210 MPa, a
higher value than the value obtained by zinc phos-
phate cement [6] . The strength of restorative glass
ionomer, on the other hand, is approximately 160–
230 MPa considerably lower than the approximately
315—500 MPa obtained with amalgam [6] . That is
why marginal fracture and breakdown of the bond
occur when restorative glass ionomer is used in areas
with large occlusions] forces.

Effect of polyacid concentration on physical
properties of glass ionomer cements has been studied
by Crisp et al . [7] at the same consistency of the
cements . They noticed that at a higher than 28–38
percent w/w of polyacid concentration, the powder :
liquid ratio decreased and the working time increased.
Setting time of the cement varied in a complex
manner . Both the compressive and tensile strengths of
the cement increased linearly over the range of poly-
acid concentrations studied and the solubility and
disintegration fell non-linearly . The work of Crisp et
al . [7] suggested that it is desirable to use a high
polyacid concentration.

The works of Yoshida et al . [6] and Crisp et al.
[7] have stimulated us to carry out the present work
presented in this paper.

Today, in addition to compressive and tensile
strengths, the bending strength is also considered for
these cements [8], which is the subject of this study
presented in this paper.

EXPERIMENTAL

Materials
The commercial glass ionomer samples were specifi-
ed as the following trade marks : Ketac-Cem; AsPa-
V+; Chem-Fil ; and Chelon.

Acrylic acid was distilled and freshly used.
Ammonium persulphate, sodium dodecylbenzene sul-
phonate (SDBS), itaconic acid, L(+) tartaric acid and
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2-propanol were purchased from Merck Chemical
Company and they were directly used.

The powders used for the aluminosilicate glass
synthesis were all under 85 urn mesh size and
purchased from Merck Chemical Company . For mak-
ing a homogeneous mixture of the powders, acetone
was added to the initial mixture of the powders and
then stirred for half-hour, and then finally the solvent
was evaporated off.

Instruments
The mixture of the powders was fused in the
Amalgams kiln, England. The grinding of the glass
frits was performed using Gabriali vibratory mill.

Average molecular weights were found by gel
permeation chromatography (GPC; Waters 150-C).
The bending and compressive strengths measure-
ments were performed by Instron 1196 . The former
was performed on cuboidal samples (15x5x50 mm) at
37±1 °C and relative humidity of 30% and the latter
on cylindrical samples (12 mm L, 6 mm D) at the
same conditions . Working and setting times were per-
formed in accordance of BS 6039 (British standards
for glass ionomer cements, 1981) . The former was
assessed as the time at which a 28 .3 g Gilmor needle,
diameter 1 .05 mm, just failed to penetrate to a depth
of 0 .5 mm in 5 s . The latter load was 400±5 .0 g with .
the Gilmor needle of 5 mm length and 1 mm
diameter. The solubility tests were performed on
samples kept at 37±1 °C, 30% relative humidity for 1
h . The samples were then suspended into water for I
day. The difference in the weight of the samples,
before and after the suspension into water, as a
percentage, is an indication of solubility in water.

The determination of consistency was done in
accordance with BS 3365 [9].

Preparation of the Liquid
Synthesis of copolymer of acrylic/itaconic acid : A 4-
necked flask, equipped with mechanical stirrer, drop-
ping funnel, gas inlet and outlet tubes and a thermo-
meter, was charged with a solution of 1 .25 g
ammonium persulphate in 100 mL distilled water . It
was then purged with nitrogen and warmed to ca.
95 °C (solution I) . To this solution was added aliquots

containing 1124 of solution 2 and solution 3 and 1124
of 49.8 g itaconic acid (ca . 2 .08 g) in every 5 min,
while stirring the mixture at about 95 C.
Solution 2 : 55 .2 g acrylic acid, 0.02–0 .1 g SDBS as
the soap, and 10 mL 2-propanol in 50 mL of distilled
water.
Solution 3 : 1 .25 g ammonium persulphate in 30 mL
distilled water.

Addition of the solutions and the monomers
were completed in 2 h . It was then stirred at 100 °C
under nitrogen for 2 h and then it was concentrated to
half of its volume, using high-vacuum. This was
designated as liquid 2.

In order to prepare the rest of the liquids, the
concentration of the chain transfer agent (2-propanol)
was increased by 20 mL for liquid 1 (12 mL) and
decreased by 2 mL in the succeeding experiments.
That is, in making liquid 5, only 4 mL of this alcohol
was used.

Formulation of the Liquid
The liquid part of the glass ionomer cement was made
by addition of 5% L(+) tartaric acid to the above
concentrated solution of the copolymer.

Preparation of the Powder
SiO2 (41 .9 g), Al 203 (28 .6 g), CaF 2 (15 .7 g), AlF3 (1 .6
g), AIPO4 (3 .8 g) and NaF (9 .3 g) were mixed and
fused at 1250 °C for 2 h. The mixture was then shock-
cooled by pouring onto a steel tray . The solidified
glass masses, while still hot, were then plunged 'into
water. The glass frits were ground by a vibratory mill
and sieved by means of a 45 µm sieve. Only the
fraction below 45 lam was used in our studies.

Table 1 . Composition of the test cement.

Composition (%)
Powder Liquid

SiO2 41 .9 Copolymer of
AI2O3 28 .6 itaconiclacrylic acid 47.8
CaF 2 15 .7 Tartaric acid 5
AIF3 1 .6 H 2O 47.2
AIPO4 3 .8
NaF 9 .3
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Table 2 . Effect of molecular weight on some mechanical properties of the cement.

Liquid No . Average molecular Working time Setting time (min' Compressive Bending strength Solubility in
weight (x103) (min) strength (MPa) (MPa) water (%)

1 3.5 8.35 13.30 67 .5 7 .9 2 .35
2 10.0 2 .45 8.43 137 11 .22 1 .95

3 17.6 2 .00 7.20 145 13.52 1 .60

4 22.0 1 .15 6.80 150 15.2 1 .1

5 27.0 0 .25 6.00 172 18 .6 0 .6

Table 3. Effect of concentration of the liquid on mechanical properties of the cement.

Liquid No . Polymer (%) PIL ratio Working time
(min)

setting time
(min)

Compressive
strength (MPa)

Bending strength
(MPa)

Solubility in
water (%)

1 28 4.0 1 .15 10 .73 70 4 .20 2.3

2 38 4.0 1 .18 8 .50 97 6 .35 2.1

3 42 3.9 1 .25 5 .80 122 10 .24 1 .9

4 471 3.25 2 .25 7 .35 140 12 .72 1 .7

5 52 3.1 2 .45 6 .25 145 13 .54 1 .4

6 57 3 .0 2 .55 6 .25 148 14 .20 1 .1

RESULTS AND DISCUSSION

The composition of the powder and the liquid parts
are tabulated in Table 1 . As it is noticed in this table,
the total composition of the powders is over 100%.
This is because for having the desired fluoride
properties of the glass ionomer cement, the weights of
the fluorides, because of their sensitivity to evaporate
at high temperature, are taken in excess [10].

The mean molecular weight of a freeze dried
sample of the copolymer of itaconic/acrylic acids was
found to be 11,800 . This is in good agreement with
that found by Crisp et al . [7].

The effect of molecular weight (from average
molecular weight of 3 .5x103 to 27x103) on some

mechanical properties of the test cement samples, is
tabulated in Table 2 . As it is seen in this table, an
increase in molecular weight of the copolymer
increases the compressive and bending strengths of
the test cements, but decreases the working and
setting times and also the solubility of the cements.

Concentration of the liquid has similar effect
on physical and mechanical properties of the test
cements . The results are tabulated in Table 3 . An
increase in percentage of the copolymer in liquid part
results in a gradual increase in compressive and bend-
ing strengths but causes a non-linear variation on the
P/L ratio, working and setting times.
These results are in good agreement with those found
by Crisp et al . [7], but on the contrary, we found

Table 4 . Physical and mechanical properties of some commercial and the prepared sample.

Property S42L 21 Ketac-Cem AsPa-V+ Chem-Fit Chelon

Working time (min) 2 .84 2 .75 5 .75 2 .0 2.5

Setting time (min) 4 .82 2 .0 4 .7 2.75 2.75

Compressive strength (MPa) 156 185 147 161 178

Tensile strength (MPa) 12 .44 19 .3 12.8 17A 16 .0

Bending strength (MPa) 12 .81 30.3 25.7 19.5 12 .5

l

	

Solubility in Ii2 0 0 .58 0 .29 0 .21 0 .90 0 .36

166

	

Iranian Polymer Journal / Volume 7 Number 3 (1998)



(double checked) a linear decrease in the solubility of
the cement for gradual increase in molecular weight
of the copolymer.

In order to compare the restorative capability of
the formulated samples with those of the commercial
ones, some important physical and mechanical pro-
perties of four different well known commercial
samples were compared with those obtained for our
sample, specified as S42L21 . Although the P/L ratios
are different for the samples, but the consistency of
the cements are the same in all of these samples,
which was the only factor for comparison of the
physical and mechanical properties [l 1].

The results tabulated in Table 4 indicate that
the physical and mechanical properties of the formul-
ated sample, specified as S42L21t are more or less in
the range of the commercial samples . Some clinical
studies have been undertaken, the results of which
will be soon published elsewhere.

CONCLUSION

From this study, the following important conclusions
can be drawn:
—Gradual increase in average molecular weight of'
itaconic/acrylic acids copolymer and the concen-
tration of liquid cause a linear increase in compre-
ssive and bending strengths of the cements, but have
non-linear effects on working and setting times, and
also on the PIL ratios.
—Increase in concentration of the liquid has linear
decreasing effect on the solubility of the cement in
water.
–Physical and mechanical properties of a formulated
sample of glass ionomer cement in this study fall

within the range of some well known commercial
glass ionomer cements.
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