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In Dentistry, a mixture of eugenol liquid (extract
of oil of cloves) and zinc oxide powder enjoys many
favored uses. The mixture is used as an obtunding
temporary filling material, for temporarily cement-
ing dental inlays, crowns and bridges, for endodontic
treatment and for taking impressions of edentulous
cases. Despite this popularity of the material and its
significance in dentistry, the hardening or setting
mechanism of the material is not fully understood.

Review of the literature'® indicates that the major
problem with respect to the setting of zinc oxide-
eugenol (ZOE) cement is whether zinc eugenolate
crystals form as a result of the setting reaction and
whether their formation causes the setting of the
mix. The studies that dealt with the acceleration of
ZOE™ showed no systematic work to study the ef-
fect of an accelerator on the setting time of ZOE.
The accelerator’s efficiency was referred to its cation
by some investigators'! and to its anion® by others.

The purpose of this investigation was to study the
effect of several accelerators when used in a powder
form and as eugenol solutions on the setting time of
ZOE: to study the relationship between the time of
formation of eugenolate crystals and the setting time
of ZOE; to illustrate whether the acceleration of ZOE
is cationic or anionic in nature; and to study the effect
of accelerator concentration'? and eugenolate con-
centration on the compressive strength of ZOE.

Materials and Methods
Zinc acetate”, zinc propionate®, silver acetate**
and glacial acetic acid*** were used as accelerators
for standard mixes of zinc oxide®*** and eugenol®,
The powder accelerators were either added to zinc
oxide before the addition of eugenol or were dis-
solved in eugenol before mixing with zinc oxide.
Acetic acid was either added to a partially mixed
ZOE or was dissolved first in eugenol. Setting times
were determined by Kreb’s penetrometer. Compres-
sive strength samples that contained powder accel-
erator were kept in their molds in a 100% relative
humidity. All compression samples were tested after

72 hours from the start of mixing. Saturated solu-
tions***** of zinc acetate and silver acetate in
eugenol were prepared. The dissolution of these
solids and zinc oxide in eugenol resulted in the for-
mation of a new phase. Since the time of stirring
that was necessary to dissolve a saturation concen-
tration of an accelerator in eugenol and that at
which the new phase form, were two overlapping
processes, dilute solutions were prepared and left to
stand. The time at which precipitation took place
was recorded. All reported results consist of the
means of 5 replications at each instance together with
the appropriate 68 % confidence interval estimate.

*U.S5.P. grade.
**C.P. grade.
***Reagent grade.
**“Indirect process®, analytical reagent.
""" A saturated solution of an accelerator in eugenol is one that is mixed
with zinc oxide and has the shortest setting time.

Results and Discussion

The initial and final setting timest of unacceler-
ated ZOE under the experimental environment
were 38 and 54 hours, respectively. When the accel-
erator was used in a powder form (Figure 1) the set-
ting times of ZOE decreased as the concentration of
the accelerator increased. This relationship was not
linear. The efficiency of a given amount of an accel-
erator decreased as its total concentration in the mix
increased to a point where any additional increase
in the accelerator concentration will have no influ-
ence on the setting time of ZOE. It should be noticed
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Figure 1: Effect of zinc acetate when used in a powder form
on the setting times of ZOE.

Page 142 — The Journal of IMA — Vol. 15— October 1983


DOI: http://dx.doi.org/10.5915/15-4-12422

hS

=

L O
e
-

| A
.

[T

Figure 2: Relative efficiency of three accelerators when
used in a powder form.

that a final setting of 6 minutes was produced when
5.5% zinc acetate was used. Any given accelerator
concentration has more influence on the E.S.T.f than
on the I.S.T. as evidenced by the consistent decrease
in the setting reaction period (period of time lapses
between 1.S.T. and F.5.T.)

The relative efficiencies of the three powder accel-
erators used are illustrated in Figure 2. The smaller
the slope of the setting time — accelerator concen-
tration curve, the higher the efficiency of the accel-
erator. In a decreasing order the accelerators can be
classified as zinc acetates, silver acetate and zinc
propionate. Glacial acetic acid was more efficient
than zinc acetate.

The saturation concentrations for zinc acetate,
silver acetate, and acetic acid in eugenol were 1.35,
1.85, and 0.589 %, respectively. An accelerator con-
centration of 1.35% in eugenol is equivalent to a con-
centration of 0.35% in ZOE. Comparison of Figure 1
to Figure 3 shows that a final setting time of 6 min-
utes was obtained when 0.18% accelerator was
applied as eugenol solution. This indicates that the
accelerator efficiency can be increased more than 20
times if it is applied as eugenol solution. The same
applied for silver acetate.

The increase in an accelerator efficiency when
dissolved in eugenol is due to the fact that the accel-
erator is more or less dissociated in eugenol and its
jons are available for the setting reaction. When
applied in a powder form only the surface of the

particles should be attacked by the eugenol. It was
found that for a given accelerator concentration,
the smaller the particle size of the accelerator, i.e.
the larger the accelerator surface area exposed to
eugenol, the more efficient it is.
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11.5.T.: Initial Setting Time, and F.5.T.: Final Setting Time
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Figure 3: Effect of diluting a saturated solution of zinc ace-
tate in eugenol on the setting times of ZOE.

The accelerating efficiency of zinc acetate and
silver acetate as eugenol solutions is higher, about
1.3 times, if they were used before the precipitation
of the reaction product. This is because some of the
accelerator cations will react with eugenol to pro-
duce eugenolate. The loss of these ions decrease the
efficiency of the solution. A more illustrative condi-
tion is when zinc oxide, which is slightly soluble in
eugenol, was stirred in eugenol. When this solution
was mixed with zinc oxide to form a mix of a clinical
consistency, it sets in 12 hours. If the same solution is
left to stand until all the reaction product precip-
itated then mixed with zinc oxide, it sets in 54 hours.
This indicates that all the zinec ions in this case re-
acted with eugenol and precipitated.

The percent of zinc or silver ion that react with
eugenol and precipitate from their appropriate ac-
celerator solutions in eugenol was found to be less
than 5% of the total cation concentration. Assuming
100% dissociation this indicates that more than
95% of the cation and 100 % of the anion stay indef-
initely in eugenol. The dissociation, however, is not
complete (Figure 4). If the saturation concentra-
tions of the 3 acetate accelerators in eugenol have
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Figure 4: Molar concentrations of the acetate ion in 3 ace-
tate accelerators. (Assuming 100% dissociation of satura-
tion concentrations.)
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been completely dissociated, this will result in Molar
concentrations of the acetate ion in eugenol, for the
various accelerators, that does not explain their rel-
ative efficiency. Complete dissociation of silver
acetate will produce the highest molar concentration
of the acetate ion in eugenol and will be the most effi-
cient accelerator. This is not the case, however, Silver
acetate is the weakest of the 3 acetate accelerators,
when applied in either form. There are two expla-
nations for such contradiction. The first explanation
is: complete dissociation does occur but the cations
act as inhibitors or retarders, in which case silver is
more retarding than zinc and the latter is more re-
tarding than hydrogen. The slight dissociation of
zine oxide in eugenol, decreased the setting time, in-
dicating that a cation does accelerate the setting of
ZOE and its efficiency is dependent on its parent salt
solubility in eugenol. This antagonizes the above ex-
planation. The only explanation that is left now, is
that the dissociation of the saturation concentra-
tions of silver acetate and zinc acetate in eugenol
was not complete.

When any accelerator concentration was dissolved
in eugenol and left to stand floculation did not ap-
pear before the lapse of 7 hours from the start of
mixing and continued for 24 hours. This indicates
that the formation of eugenolate crystals occur after
the setting of ZOE and hence the former can't pre-
determine the latter. Once floculation was com-
pleted and removed from the solution, the solution
accelerator efficiency stays constant. This was deter-
mined by using these solutions 6 months after their
preparation.

The floculent (Figure 5) possesses the character-
istics of eugenolates of the appropriate cation ac-
cording to Copeland!, et al.

Figure 5: Electron photomicrograph of pure zinc eugenolate.
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When the accelerator was applied in a powder
form (Figure 6) it was found that an accelerated mix
of ZOE is stronger than a non accelerated one pro-
vided that the mix is not exposed to water.
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Figure 6: Effect of zinc acetate concentration on the com-
pressive strength of ZOE.

When the accelerator was applied as eugenol solu-
tion, the compressive strength was not improved.
The presence of zinc acetate particles in ZOE and in
contact with eugenol results in the formation of
some eugenolate crystals (about 5%)! which will
act as a [ramework for the mix and increase its com-
pressive strength. When the accelerator is used as
eugenol solution, the only eugenolate erystals that
may form are those resulting from the reaction be-
tween zinc oxide and eugenol. Since zinc oxide is
scarcely soluble in eugenol, there will practically be
no eugenolate formation or may be less than 1%.

The addition of various quantities of zinc eugen-
olate to ZOE (Figure 7) improved the compressive
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Figure 7: Effect of zinc-eugenolate concentration on the
compressive strength of ZOE.



strength up to 13126 psi for a mix that contains 25 %
eugenolate. Electron photomicrograph (Figure 8) of
25% eugenolate — ZOE illustrates the relationship
between zinc oxide and eugenolate cyrstals.

Figure 8: Electron photomicrograph of 25% eugenolate —
ZOE mix.

Summary and Conclusions

The accelerating efficiency of 3 powders and one
liquid accelerator on the setting times of ZOE was
studied. The accelerators were applied in two forms,
as powders and as eugenol solutions. When any of
the powder accelerators or zinc oxide were dissolved
in eugenol to form a clear solution and left to stand,
eugenolates of the appropriate cations were precip-
itated. The precipitation of eugenolate crystals from
the solution did not occur before the lapse of at least

7 hours from the start of mixing. The effects of the

accelerator concentration and eugenolate concen-

tration on the compressive strength of ZOE was also
studied. The following conclusions were made.

1. The setting of ZOE decreases as the accelerator
concentration increase within practical limits.

2. The concentration of any accelerator that pro-
duces a given setting time can be reduced to less
than 5% if the accelerator is applied as eugenol
solution.

3. The acceleration of ZOE is due to the dissocia-
tion of the accelerator in eugenol. It is the pres-
ence of free ions in eugenol, whether anions or
cations that causes the acceleration.

4. The higher the dissociation of a given material in
eugenol, the higher will be its accelerating effi-
ciency, taking in consideration the ion strength.

5. The reaction between zine oxide and eugenol
may result in the formation of eugenolate. This
reaction however occurs far after setting of ZOE,

6. The incorporation of eugenolate crystals or their
production in ZOE mixes improve the compres-
sive strength of the cement.

[ By comparison to Figure 7.
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