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Fig. 1. A typical TSR (Thermal Scanning Rheometer)
chart showing the changes of viscosity of samples due
to the hardening. The part of flat line at lower side
mean the unset stage of sample, and the part of slope
on curve mean the hardening procedure, and the part
of plateau mean the completion of hardening. From
the start of mixing, time required for the first
transition point mean the working time, and for the

an = E %" J % FAFA A % = " . . . .
27 A9E ARE 29718 FANA AEE 5 second transition point mean the setting time of algi-
nates.
Table 1. Experimental Groups
Sodium Sodium Calcium Zinc Magnesium . .
Cod:

oce Alginate  Phosphate Sulfate Fluoride Oxide Diatomite Total

0 15 2 14 3 0 66 100

1 15 2 14 3 1 65 100

2 15 2 14 3 2 64 100

3 15 . 2 14 3 3 63 100

4 15 2 14 3 4 62 100

5 15 2 14 3 5 61 100

6 15 2 14 3 6 60 100
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Recovery from deformation(%) = 100%(1-(a-b)/S)
S = Specimen height
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Strain in compression (%) = 100*(a-b)/S
S = Specimen height
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Compressive strength = 4F/rd>
F = Maximum force

d = Diameter of specimen
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Fig. 2. Pattern of specimen for resistance to tear-
ing test. (Copy from ISO 1564)
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Table II. Working Time

Groups Mean S.D. C.V. Max. Min. Duncan's
Group
0 1.75 0.00 0.0 1.75 1.75 D
1 3.12 0.10 3.3 3.26 2.97 C
2 4.36 0.21 4.8 461 413 B
3 425 0.12 2.7 4.38 4.09 B
4 4.25 0.08 1.8 4.34 4.15 B
5 4.18 0.15 3.6 4.39 4.00 B
6 5.11 0.32 6.2 5.66 4 86 A

Unit: min., S.D.: Standard Deviation, C.V.: Coefficient of Variance.
Same characters written in column of Duncan’s group mean no statistical differences between groups at 0.05

level.
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Fig. 3. Comparison of working time of various
groups with increased contents of magnesium oxide.
6% MgO group showed the significantly increased
working time than 0% MgO group as control group.

Table III. Setting Time

Working Time

y = 0.4321x + 2.5663
R? = 0.7243

4 . . /
/ .

Working Time (min.)

[¢] 1 2 3 4 5 6
Contents of Magnesium Oxide (%)

Fig. 4. Result of regression analysis between work-
ing time and MgO contents. Increasing pattern
are shown with coefficient of 0.7243.

Groups Mean S.D. C.V. Max. Min. Duncan’s
Group
0 2.66 0.07 26 2.72 2.55 F
1 6.15 0.19 3.1 6.44 5.99 E
2 7.38 0.09 1.2 7.49 7.24 A
3 7.08 0.17 24 7.27 6.90 B
4 6.77 0.20 3.0 6.97 6.51 C
5 6.55 0.12 1.8 6.69 6.42 D
6 7.53 0.13 1.7 7.65 7.35 A

Unit: min., S.D.: Standard Deviation, C.V.: Coefficient of Variance.
Same characters written in column of Duncan’s group mean no statistical differences between groups at 0.05

level.
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Fig. 5. Comparison of setting time lengthened by

the incorporation of MgO. 'All experimental
groups showed the lengthened setting time than
a control group which does not contain magne-
sium oxide.
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Fig. 7. Comparison of working time and setting
time(Legend: White bar: Setting time, Black bar:
Working time). '
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Fig. 6. Linear regression analysis between the
contents of magnesium oxide and the setting time.
Increasing pattern was confirmed.
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Fig. 8. Comparison of two lines obtained from
regression analysis. Two lines exhibited the
parallel which mean that MgO did not shortened
the reaction time.

-

Fig. 9. Overlapped view of seven TSR curves. A
straight line at middle part is one of control group.
On this line, the first transition point was not dis-
played because of short working time, and the sec-
ond transition point was displayed faster than the
other group’s curves.
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Table IV. Elastic Recovery
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Ashelavlgel Sl uet e 31.99%,
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Groups Mean S.D. C.V. Max Min. Duncan’s
Group
0 97.39 0.17 0.2 97.63 97.12 A
1 97.12 0.17 0.2 97.49 96.92 A
2 97.09 0.44 04 97.86 96.43 A
3 97.19 0.29 0.3 97.68 96.67 A
4 97.35 041 04 97.95 96.46 A
5 97.27 0.26 0.3 97.74 97.01 A
6 97.35 0.37 04 97.97 97.00 A
Unit: %, S.D.: Standard Deviation, C.V.: Coefficient of Variance.
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Fig. 10. Comparison of elastic recovery. All groups
showed similar results.
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characters written in column of Duncan’s group mean no statistical differences between groups at 0.05
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Fig. 11. Regression analysis result between mag-
nesium oxide contents and elastic recovery.



Table V. Strain in Compression

Groups Mean SD. CV. Max. Min. Duncan’s
Group
0 31.99 092 2.9 33.27 30.80 A
1 30.64 0.29 1.9 31.98 29.95 AB
9 22.81 1.29 5.7 24.84 21.13 D
3 1773 4.30 24.3 93.52 11.75 E
4 12.90 2.17 16.8 14.98 9.09 P
5 29.86 0.96 3.2 31.46 98.24 BC
6 2872 1.04 36 30.80 27.41 C

Unit © %, S.D.: Standard Deviation, C.V.: Coefficient of Variance.
Same characters written in column of Duncan’s group mean no statistical differences between groups at 0.05

level.

Strain in Compression

Strain in Compression (%)

Contents of Magnesium Oxide (%)

Fig. 12. Comparison of strain in compression. 4%
group showed the lowest value.
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Fig. 13. Result of regression test for strain in
compression. Lowest portion of curve was located at
approximately 3% MgO.

A3t G A (Table V).
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Table VI. Compressive Strength

Groups Mean S.D. C.V. Max. Min. Duncan's
Group
0 0.242 0.01 4.6 0.261 0.228 E
1 0.273 0.01 3.9 0.290 0.252 D
2 0.319 0.01 47 0.334 0.283 C
3 0.349 0.01 4.0 0.369 0.322 C
4 0.393 0.01 2.5 0.413 0.379 B
5 0.396 0.02 5.3 0.436 0.368 B
6 0.438 0.03 5.7 0.490 0.406 A

Unit: MPa, S.D.: Standard Deviation, C.V.: Coefficient of Variance.
Same characters written in column of Duncan’s group mean no statistical differences between groups at 0.05

level.
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Fig. 14. Comparison of compressive strength of sev-
en experimental alginate. Stepwise increase of

compressive strength by the increase of magnesium
oxide contents were exhibited.

Fig. 16. Comparison 6f typical Instron charts of 0% and 6% groups.
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Fig. 15. Regression result. Magnesium oxide con-
tents made compressive strength higher with high-
~ ly matched coefficient as 0.9803.




Table VII. Tear Resistance

Groups Mean S.D. CV. Max. Min. Duncan’s

Group

0 0.61 0.09 15.1 0.79 0.49 B

1 0.55 0.05 8.8 0.61 0.49 C

2 0.51 0.04 8.0 0.55 0.46 C

3 0.61 0.02 3.9 0.64 0.58 B

4 0.68 0.05 7.9 0.73 0.61 AB

5 0.66 0.06 9.1 0.73 0.55 A

6 0.67 0.07 10.5 0.73 0.55 A

Unit: N, S.D.: Standard Deviation, C.V.: Coefficient of Variance.
Same characters written in column of Duncan’s group mean no statistical differences between groups at 0.05

level.
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Contents of Magnesium Oxide {%)

Fig. 17. Comparison of tear resistance. Results of
3%, 4%, 5%, 6% groups were same or higher
than the results of 0% control group.
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Fig. 18. Regression test result showing the increase
of tear resistance obtained by the increase of mag-
nesium oxide contents.
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ABSTRACT

EFFECT OF MAGNESIUM OXIDE CONTENTS ON
THE PROPERTIES OF EXPERIMENTAL ALGINATES

lll-Hwan Bae, D.M.D., M.S.D., Yi-Hyung Woo, D.M.D., M.S.D., Ph.D.,
Dae-Gyun Choi, D.D.S., Ph.D.

Department of Prosthodontics, Division of Dentistry, Graduate School,
Kyung-Hee University, Seoul, Korea

Statement of problem : Magnesium oxide may increase pH of alginate, and supply magnesium
ions to the polymerization reaction of alginate.

Purpose : This study was designed to evaluate the influence of incorporation of magnesium
oxide to alginate composition.

Material and Method : Seven kinds of experimental alginates were prepared and used for
the experiments. Components with unchanging concentrations were sodium alginate 15%,
calcium sulfate 14%, sodium phosphate 2%, and zinc fluoride 3%. Contents of magnesium oxide
were varied as 0%, 1%, 2%, 3%, 4%, 5%, 6%. Diatomaceous earth were added to each exper-
imental groups as balance to be 100%. Control group was a MgO 0% group.

Working time, setting time, elastic recovery, strain in compression, compressive strength and
tear resistance were measured were measured. Sample size for each groups were 10. Arithmetic
means were used as each groups representative values. Regression test between MgO contents
and results, Duncan’s multiple range test, and One-way ANOVA test were done between groups
at level of 0.05.

Results :

1. Magnesium oxide made the working time and setting time as longer(p<0.0001).

2. Magnesium oxide did not alter the elastic recovery(p)>0.05).

3. Magnesium oxide contents between 2% and 4% exhibited the lowest strain in compression

on alginates(p<0.0001).

4. Magnesium oxide made the compressive strength and the tear resistance stronger(p<0.0001).

Conclusion : These results mean that setting time of alginate maybe controlled and that mechan-
ical properties maybe improved by the incorporation of magnesium oxide into alginate, without
any reduction of elasticity.

Key words : Magnesium oxide, Alginate, Elasticity
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