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Table 1. Chemical composition of silica and cristobalite

compaosition
raw SiO, Fe03 Al203 TiOy CaQ MgQ
material '
quartz 99.0 0.17 0.55 0.15 0.01 0.01
cristobalite 99.5 j 0.03 0.16 0.02 0.0% 0.01

Table 2. Particle size distribution of refractory

( percentage (%))

i1 1
mesh +140 +120 +270 +325 +400 Sagp | 2Vere9e perticle
size { um)
fraction in N
3.5 55 5.0 6.0 8.6 714 7.0
percentage (%)

Table 3. Chemical composition of plaster of paris

composition percentage (%}

sulfurous anhydride > 520
ferrous oxide < 03
sulfide > 0.2
binding water > 56

Table 4. Chemical composition of sodium phosphate

composition percentage {%)

NayHzPQ4.2H, O >99.0
P,04 > 448
Fe <0.05
pH 4246
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Table 5. Chemical composition of magnesium suifate

Table 6. Chemical compaosition of aluminum sulfate

composition percentage (%)

MgSQ4-7H, 0 >990
Cl < 0.003
Pb < 0.001
NO; < 0.005
Fe <005
Ca < 0.0001
As < 0.0001
pH 5.8-8.0
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Table 7. Chemical composition of experimental investments

N percentage (%) fraction
specimen composition silica | cristo- | plaster sodium aluminum | magnesium w/P
index variation balite | of paris | phosphate | sulfate sulfate ratio
Ap aluminum bal 25 30 0.6 0 2 0.4
Ay sulfate bal | 25 30 0.6 0.2 2 0.4
Ags bal | 25 30 0.6 0.25 2 0.4
A3o bal 25 30 0.6 0.3 2 0.4
Ng sodium bal 25 - 30 0 0.2 2 0.4
N, phosphate bal | 25 30 0.2 0.2 2 0.4
Ng bal 25 30 0.4 0.2 2 0.4
Ng bal 25 30 0.6 0.2 2 0.4
Mo magnesium bal 25 30 0.6 0.2 0 04
My sulfate bal | 25 30 06 0.2 1 0.4
M, bal 25 30 0.6 0.2 0.4
M3 bai 25 30 0.6 0.2 0.4
G, plaster of bal 25 20 0.6 0.2 0.4
Gs paris bal | 25 30 0.6 0.2 2 0.4
Gg bai 25 40 0.6 0.2 0.4
Cis cristo- bal 15 30 0.6 0.2 2 0.4
Cas balite bal | 25 30 0.6 0.2 2 0.4
Css bal | 35 30 0.6 0.2 2 0.4
Cas bal 45 30 0.6 0.2 2 0.4
Cg 0 67.2 30 0.6 0.2 2 0.4
Lao water/powder bal 25 30 0.6 0.2 2 0.4
Lss ratio bal | 25 30 0.6 0.2 2 10.38
Las bal | 25 30 0.6 0.2 2 0.36
L3a bal 25 30 0.6 0.2 2 0.34
Lg 0 67.2 30 0.6 0.2 2 0.34

(bal = balance to 100%, square with solid line indicate the variation of its components)
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Table 8. Consistency test results as a function of composition of investments.
{variation of composition follows Table 7)

experimental consistency test results in mm
specimen variation percentage 1 2 3 4 5 average

index (%)

Ao aluminum 0 67 68 65 62 63 65
Ay suifate 0.2 52 | 63 | 57 | 54 | &4 54
Aazs 0.25 39 37 38 39 37 38
Asp 0.3 22 25 26 23 24 24
No sodium 0 18 19 21 19 20 19
N, phosphate 0.2 2 | 31 | 3 3B | 35 33
Ng 0.4 50 53 48 53 54 52
Ng 0.6 55 56 53 52 54 54
Mo magnesium 0 46 47 47 46 49 47
M sulfate 1 48 | 47 | 47 | s0 | 49 482
My 2 53 55 54 55 56 54.6
Ms 3 20 17 18 19 21 19
Gy plaster of 20 49 51 50 47 | 48 49
Gs paris 30 53 54 57 565 56 55
Gg 40 53 |. 62 55 56 55 54,2
Cis cristo- 15 51 51 54 55 51 52.4
Cys balite 2 52 | 52 | 63 | 56 | 52 53
Css 35 54 54 55 57 57 55.2
Cas 45 55 52 53 56 54 54
CB 67.2 56 56 53 57 56 55.6
Lao water/powder 0.4 51 56 56 56 55 54.8
Las ratio 0.38 52 51 55 54 53 53
L3g 0.36 53 53 54 58 53 542
L3g 0.34 53 55 54 51 53 53.2
LB 0.34 53 53 57 53 53 53.8
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Fig. 1. Consistency test results as a function of composition of investments.
(variation of composition follows Table 7).
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Table 9. Setting time as a function of composition of investments.

(variation of composition follows Table 7).

specimen index variation percentage (%) average setting time
{min: sec)
Ao aluminum ¢} 1356:20
Az sulfate 0.2 21.45
Azs 0.25 13.50
A3o 0.3 9:30
No sodium ¢} 13:00
N phosphate 0.2 16:00
Ng 0.4 18:30
Ng¢ 0.6 21:45
Mo magnesium 0 96:00
My sulfate 60:30
M, 21:45
M3 3 12:00
G,y plaster of 20 21:00
Ga paris 30 21:45
Ga 40 27:00
Cis cristo- 15 22:00
Cas balite 25 21:45
Css 35 21:15
Css 45 22:00
Cg 67.2 21:45
Lao water/powder 0.4 21:45
Lag ratio 0.38 19:00
[ 0.36 16:00
Las 0.34 14:00
Lg 0.34 13:30
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Fig. 2. Setting time asa function of composition of investments.
(variation of composition follows Table 7).
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Table 10. Effect of composition of investments on compressive strength

{variation of composition follows Table 7).

percentage compressive strength (Kg /em?)
specimen variation (%) 1 2 3 4 5 average

index ’

Ao aluminum 0 22.0 228 22.1 22.1 1 9_.5 21.7
A sulfate 0.2 154 | 146 | 130 | 131 135 | 139
Azs 0.25 128 | 11.2 | 135 143 | 142 | 132
Aso 0.3 200 | 205 | 243 | 236 | 206 | 21.8
No sodium 0 155 | 144 | 138 | 126 | 152 | 143
N2 phosphate 0.2 164 | 152 | 175 | 186 | 183 | 17.2
N4 0.4 19.9 | 185 | 19.0 | 160 | 196 | 186
Nag 0.6 138 | 144 | 140 | 125 | 148 | 139
Mo magnesium 0 215 | 195 | 18.0 | 206 | 209 20.1
My sulfate 1 170 | 202 | 198 | 150 | 190 | 18.2
Ms 2 134 | 149 | 113 | 137 | 142 | 135
M3 3 89| 91| 100 130| 95| 101
G,y plaster of 20 79 8.5 8.3 5.5 8.8 7.8
G3 paris 30 100 | 136 | 16.0 | 142 | 157 | 139
Ga 40 352 | 340 | 378 | 420 | 360 | 370
Cis cristo- 15 149 | 138 | 130 | 142 | 131 13.8
Cas balite 25 122 | 148 | 125 | 115 ] 150 | 132
Cas 35 15.0 | 127 | 11.0| 146 | 142 | 135
Cas 45 132 | 122 | 134 | 148 | 121 13.1
Cg 67.2 140 | 128 | 124 | 136 | 122 | 130
Lao water/powder 0.4 145 11.5 14.0 14.5 15.0 13.9
Lag ratio 0.38 205 | 193 | 180 | 195 [ 23.2 20.1
L3s 0.36 210 | 195 | 226 | 234 | 235 | 220
L3s 0.34 345 | 300 | 370 | 360 | 350 | 345
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STUDY ON THE PROPERTIES OF GYPSUM-BONDED
DENTAL INVESTMENTS

Kyoung Sun Kim, D.D.S., M.8.D., Yi Hyung Woo, D.§.S., M.S.D., Boo Byung Choi, D.D.S., D.D.Sc.,

Department of Prosthodontics, College of Dentistry, Kyung Hee University

The properties of a investment material can be described by the consistency at the slurry
state, the setting time, the compressive strength and the thermal expansion during the casting.
In this study the effect of the production parameters which are included the ratio of quartz
and cristobalite, the content of binder, the water powder ratio and the content and concentration
of additives on the properties of the gypsum-bonded investments has been i\nvé§figated with
help of the consistency test, the vicat needle test, the compressive strength test, the thermal
expansion test, x-ray diffraction and DTA thermal differential test. The experimental results
showed that the constitution of a investment with W/P ratio of 0.34, 30% of gypsum, 0.8%
aluminium sulfate, 2% magnesium sulfate, 0.6% sodium phosphate was adapted for the properties
of the KDA Spec. No. 13 typel investment. The important experimental results are summarized
as follows.

1. The consistency of the investment decreased with increasing amount of aluminium sulfate
and decreasing'amount of sodium phosphate. An addition of magnesium sulfate up to 2%
an increase of the consistency was shown. But 3% magﬁesium sulfate in investment showed
a decrease of the consistency. The consistency did not vary significantly with a variation of
the content of gypsum and cristobalite and the W/P ratio.

2. Aluminium sulfate and the magnesium sulfate promoted the hardening and the aluminjum
phosphate delayed the hardening. The setting time increased with amount of gypsum. The
effect of the matrix on the setting time was insignificant. With the W/P ratio of 0.34 the
setting time was 14 min.

3. The compressive strength decreased with the amount of aluminium sulfate up to 0.25%
and increased with the amount of aluminium sulfate greater than 3%. The compressive
strength decreased as decreasing the amount of magnesium sulfate and gypsum and as in-
creasing the W/P ratio. The effect of the refractory onthe compreésive strength was also not
significant. With the W/P ratio of 0.34 the compressive strength was 34 Kg/mm?®.
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The 1st thermal expansion was found at the temperature near 250°C and the steady state
or the contraction stage was found at the temperature between 250°C and 500°C. After
this stage the 2nd thermal expansion took place at the temperature near 500°C. The amount
of thermal expansion increased with decreasing the content of magnesium sulfate, aluminium
sulfate and gypsum and the W/P ratio. And the amount of thermal expansion increased as
the content of sodium phosphate and cristobalite. With the W/P ratio of 0.34 the amount
of total expansion was {.2%.
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