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The Casting Characteristics of Pure Titanium According 10 Change of the Composition
of Phosphate-bonded Si0: Investments

Jin-Won Eun, Kyoung-Nam Kim, Sang-Bae Lee,
Kwang-Mahn Kim

Department of Dental Materials and Rescarch Institute of Dental Materials, College of Dentistry,
Yonsei University, Scoul 120-752, Korea

A large increasc in the use of titanium in dentistry is driven by the desire to take advantage of titanium’s excellent
biocompatibility and its high resistance to corrosion. The development of investments suitable for titanium castings is critical
because their mechanical properties are greatly affected by the surface-reacted layer.

The purposcs of this study were to evaluate the characteristics of Titanium Vest [[(CO) and experimentally produced four
phosphate- bonded $i0); investments(EA, EB, EC, ED). A great deal of attention was focused on the influence of investments,
such as setting time, compressive strength, casting compatibility, casting defects, surface microhardness and interfacial zone of
the cast titanium.

The following results were obtained;
1. The setting time of all experimental groups were significantly shorter than control group(P<0.05).

[ o%]

. Experimental groups were significantly greater than control group in compressive strength of lhr and 2wks(P<0.05) and there
was no significant difference among the experimental groups(P>0.05). Compressive sirength after 2wks was significantly
greater than 1hr in all tested groups(P<0.05).

3. EA was showed the highest casting compatibility and CO the lowest.

4. There was no fin in the castings of all groups. There were small porosities in a dental x-ray inspection of EA.
5. CO was showed the highest microhardness at the distance of 50 um from the surfacc.

6. The interfacial zone was composed of four layers in all groups. There was irregular and thick layer in CO.

According to these results, titanium is castable with experimentally produced phosphate-bonded SiO: investments. In addition,
there is room for further investigation of investment materials to improve the precise casting of titanium,

Key Words : titanium investment, surface-reacted laycr, castability, reactivity, hardnesss
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Table 1. The composition of the five different phosphate-bonded investments

Materials Code e MgO NHH,PO, ALO,
Quartz Cristobalite
Exp. A EA 61 15 12 12
Exp. B EB 76 12 12 -
Exp. C EC 58 15 12 12 3
Exp. D ED 73 - 12 12 3
Titanium Vest II* Co 69 5 5 21

*Ohara Co., Japan, Batch No. 706020

73 70 mm, 0] 50 mn2) BAA FAoll A ABE =
T £ WA AEE Fol 455 FHA sl
SA 14 1b, A7 2.10 mme) 7 R0} Mo & o B T
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2 gEE 274
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A 1A7E 25:7F AlgollA) Bad & ukbexy
7)(Instron 6022, Tnstron Co., UK)E o|£3}o] cross-
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Table 2. The firing schedule of the investments tested

In this study

Heating Program Time
Waiting time 1520 min
Drying time 100C, 1hr
Heating 3T/min — 300T
Hold 30min
Heating 3C/min — 800
Hold 30min
Heating 3C/min —1170°C
Hold 30min
Cooling -5C/min --+3007C
Casting temp 300T
Total time Heating 9hr, Cooling 3hr

Fig. 1. Schematic representation of the wax pattern
tested.
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Table 3. The setting time of the investments tested

Materials Time(min} Tukey grouping
EA 256" + 6" C
EB 221"+ 3 D
EC 3437t 7" B
ED 258"+ 4" c
Cco 429" 13" A

A, B, C, D : Statistical grouping of materials tested
(Kruskal-Wallis test & Tukey test P<0.05)

Table 4. The compressive strength of the invest-
ments tested at 1hr and 2wks ()

Tukey grouping
Materials  1hr. strength  2wks, strength —M———
Ihr.  2wks.
EA 103121 2611647 A A
EB 11.6+06 305+34 A A
EC 1,537 310419 A A
ED 107+32 32.1+08 A A
co 39109 214124 B B

A, B: Statistical grouping of materials tested
(Kruskal wallis test & Tukey test P<0.05) _
* : Significant difference between testing periods(P<0.05)



28I Q ¢ QINGH A2 EAMC EEls FL25M 195
Table 5. Casting success of the castings by the investments (%)
Materials Code EA EB EC ED co
Average + st. 973146 90.71+6.0 933+12EB 94,7159 873+18.6

VHN
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Fig. 3. Microhardness distribution of the cast-

ings in various areas.

ED

Fig. 2. X-ray radiographs of mesh patterns.
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Table 6. Surface defects and internal defects by a

dental radiographic inspection

Materials Code EA EB EC ED CcO

Crack - - - - -
Fin - - - - -

Pore

- no, + slight, ++ moderate
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Fig. 4. EDS showing the interfacial zone of the cast Titanium using EA.
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Fig. 5. Metallographic microscopy of the titanium-investment interfaces:
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