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Dental Use of Hydrolyzed Solution
in Cast Ethyl Silicate-bonded Investment
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ABSTRACT

This study was to apply hydrolyzed solution to cast
ethyl silicate-bonded investment for high fusing materials,
such as nickel-based alloys and castable glass ceramics.
The mixing solution was made by hydrochloric acid (HCI)
mixtures containing ethyl silicate, ethanol and distilled
water, and it was conserved for 2, 4, 6 hours, and 1 and 3
days at 20°C before adding aqueous ammonium carbonate
(AC) to it. With the use of the hydrolyzed solution the
investment powders containing alpha cristobalite (50 wt%)
and alpha quartz (50 wt%) were mixed. It hardened
under each storage condition, and the heat for setting
(hardening) was measured using differential scanning
calorimetry (DSC). Their analytical results show that
experimentally mixed investments are used as an mould of
high fusing materials.

INTRODUCTION

Nickel-based cast alloys and castable glass ceramics as
high fusing materials are developed in dental field. Thus,
dental investments are needed to cast high fusing ones
into their moulds. On the contrary, ethyl silicate-bonded
investment is used in the construction of high fusing base
metal partial denture alloys”, but it is losing popularity
because of easy gelation in storing a silica sol longer.

Fither silica characteristics or mixing solution for the
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hydrolysis related to gelation was discussed®®.  Glycerol
in mixing liquid and gypsum binders in investment powder
controlled the magnitude of setting and thermal expansion

4-6)  Setting be-

of dental gypsum-bonded investment
haviour at isothermal temperature of the investment was
measured by thermal analysis>®, because the tempera-
ture change of the investment was recorded by a ther-
mocouple method” ~?.

The mixed investment hardened as a setting expansion
after mixing the recommended liquid by a manufacturer to
it. As the expansion of dental investment is exothermic,
the temperature increase during setting is observed after
the investment powder is mixed by the liquid'®. The
investment which was mixed by hydrolyzed silica sol liquid
exhibited setting behaviour in differential scanning calo-
rimetry (DSC) analysis, illustrating that greater heat for
setting than a commercial gypsum-bonded investment was
obtained'?.  Effect of the storage condition on the setting
is not examined using a mixing solution stored for each
period.

This study examined cast investment powders when
mixed by HCI (hydrochloric acid) mixture including ethyl
silicate and other solutions which were stored for long
period at 20°C (2 hours to 6 weeks). It was examined
whether the long-term storerd HC! mixture was used as
the mixing solution, because the hydrolyzed ethyl silicate
gelled during the storage before the use®.

MATERIALS AND METHODS

The solution tested was as-received ethyl silicate 28
which was composed of Si(OC;Hg), (SiO, content=28
wt%, pH=2.3; Colcoat Co, Tokyo). To use as the
mixing solution to investment powders, ethyl silicate
solution was hydrolyzed in the presence of HCl, ethanol
and distilled water. Namely, the HCl mixture (ethyl
silicate solution, HCl, ethanol and distilled water) was
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made for dental purposes. Al liquid (pH=2.5) had 75
wt% ethyl silicate, 1 wt% 1 N HCl, 14 wt% ethanol and 10
wt% distilled water, and A2 liquid (pH=0.8) had 50 wt%
ethyl silicate, 1 wt% 1 N HCI, 43 wt% ethanol and 6 wt%
distilled water. Their solutions were stored preliminarily
for 2, 4, 6hr, 1 and 3 days at 20°C. The investment
powders were mixed by their HCl mixtures before
measuring under DSC analysis.

The investment samples were made according to the
following step. The liquids (A1 and A2) as a HCl mixture
are stored for each testing period (2 hr, 3 days, and 1 to 6
weeks at 20°C). Ammonium carbonate (AC) solution as
a catalyst (pH=8.1, 10 wt% concentration in distilled
water; Katayama Kagaku Kougyou, Osaka) is added to
them (Al and A2) before using them, and pH of the mixing
liquid changed to 8.1 (A1) and 8.2 (A2) (pH measurement,
Model 751, Orion Research Inc, Cambridge, MA, USA).
The investment powder including alpha cristobalite (50
wt%) and alpha quartz (50 wt%) with the median grain
sizes of 32 and 4 micron (Tatsumori Co, Tokyo) is mixed
with the mixing liquid.

The setting behaviour of mixed samples B1 (A1 solution
was used) and B2 (A2) was measured by DSC at 20°C
(DT-50, Shimadzu Co, Kyoto). Peak time (P), final
setting time (F) and heat for setting (H) in mixed in-
vestments (7 samples) were recorded. All experiments
under N, gas flow were carried out at 20°C.  The heat for
setting was calibrated by gallium (heat for fusion=82.3

J/g, and melting temperature =29.93°C)>1%1D,

RESULTS AND DISCUSSION

Fig. 1(a) (B1 investment) and Fig. 1(b) (B2 investment)
show schematic DSC curves (isothermal temperature
20°C) when each liquid was stored for 2 hr, 3 days, and 1
to 6 weeks. At 1 to 6 weeks’ storage period, pH had a
small variation (pH ranged from 2.4 to 2.6 for Al liquid,
and 0.6 to 1.0 for A2 liquid), but the liquids Al and A2
gelled at 7 weeks’ storage period.  Each curve had a peak
with an exotherm, initial setting (I) and final setting times
).

In Table 1 (P, F and H values in B1 and B2 for each
storage period (2 hr to 6 weeks)), F was relatively greater
in B1 and B2 used after 2 hr and 6 weeks than in B1 and
B2 used after 1 to 5 weeks. H value was greater in 2 hr
and 6 weeks than in 1 to 5 weeks, and H values ranged
from 12.9 t0 92.7x 103 KJ/g (B1) and from 31.6 to 94.9
x 1073 KJ/g (B2).
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Fig.1 DSC curves at isothermal temperature 20°C of
(a) B1 and (b) B2 investments. Stored periods
of the liquids were 2 hr (h), 3 days (d), and 1 to 6
weeks (W). The heat for setting (H) was cal-
culated by the area between initial setting (I) and
final setting times (F), showing peak time (P) in
DSC curves.

Setting (hardening) occurred when investment powders
were mixed by HCI mixtures, because a chain of oligoner
and a by-product H,O or C,H;0H were made. As AC
solution (catalyst) changed pH of the liquid to about eight,
sol-gel reaction activated in the mixing solution. In this
study HCl mixtures of ethyl silicate solution which con-
tained HCI, ethanol and distilled water were effective to
harden investment powders. Sol-gel- reaction was con-
trolled by the percentage of distilled water related to the
hydrolysis, so setting (hardening) behaviour of the invest-
ment seemed to be influenced by it.  In mixed investment
sol-gel reaction activated when pH was near neutral first
after adding AC solution to HCl mixtures, and the invest-
ment hardened after the reaction.

This study confirmed that the additive of aqueous
ammonium carbonate to HCl mixture changed effectively
its pH value and accelated gel formation.  Setting of the
mixed investment occurred by mixing with the liquid after
the addition. The hydrolyzed mixture was stable until



Table1l Bl and B2 investments: DSC results of
peak time (P), final setting time (F), and
heat for setting (H) at each storage period
2hr to 6weeks). Parentheses mean
standard deviation. See text for key.

Code Period P (min) F (min) Hg{)%;)
Bl 2h 7203 17605 92788
3d 6001 18107 54774

1w 480.4) 165(0.5 49.6 3.7

2w 5302 12501 12914

3w 9101 13902 151(0.3)

4w 9201 16802 624 (4.4)

5w 5401 13202  60.4 (L8

6w 8502 25023 60.86.7)

B2 2h  13.6(0.1) 29702 83.1(2.6)
3d 5800 13302 77.929)

1w 5503 163(0.4) 94.9 (7.4

2w 9003 24801 32967

3w 8002 15202 3L6(L7)

dw 9201 17603 7.018)

5w 10.20.2) 20.8(0.5 94141

6w  135(L0) 30.0(0.1) 840 (2.0)

maximum 6 weeks at 20°C, because it was not gelled
before the use. In this type of investments, HCl mixture
with low concentration of HCI was available effectively to
hydrolyze ethyl silicate and the investment hardened as
the investment mould at each storage condition tested.
This result suggests that the hydrolyzed solution is used
for the investment mould to cast high fusing materials.

SUMMARY

In cast ethyl silicate-bonded investment (50/50) the
hydrolyzed solution was effective to harden investment
powders when stored under each period (2 h, 3d, and 1 to
6 w). DSC analysis showed that there occurred a hard-
ening reaction with a peak of heat during initial and final
setting time. Experimental mixed investment seems to
be available for apatite-based glass ceramic.
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