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A Study on the Hardening Behavior and Metal-Mold Reaction
in Dental Investment Materials for Titantum Castings

Kuk-Jin Jeong, In-Dong Yeo™ and Kwang-Bo Shim

Abstract

Hardening behavior and metal-mold reaction of phosphate bonded investments for titanium and titanium alloys were invest-
gated. Alumina and Y,0;-stabilized zirconia, which are thermodynamically more stable than Titanma, were used as major fillc
materials. NH,H,PO, was used as binder, and MgQO was uscd as hardening acceleration material. A different composition ratie
binder and hardening acceleration material had effected on general hardening behavior and castings. And adding YO -stabilized
zirconia to alumina, metal-mold reaction characteristics for castings was evaluated. Considering working conditions and eftects
on castings, the best composition ratio conditions were both 10:10 and 12:8(NHH,PO, vs. MgO). On the other hand, increasing
the contents of Y,0,-stabilized zirconia for filler material, metal-mold reaction layer of titanium castings was greatly decreased.
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Fig. 1. Ellingham diagram of the formatiom of various
refractory oxides(ref. [§])
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Table 1. General Properties of Mold Materials

Materials Characteristics
Al O, Purity : 98.5%, Mean Diameter:31.04 um
Zr0, Purity : 99.5%(Y ,0O, 3%-Stabilized Z10O,)
NH,H-PO, Purity : 98.5%(24hr Ball Milling)
MgO Purity : 93%(SiO, 4:.50/0, Ca0 1.5%, Fe 0, 1%)
Mean Diameter:14.61 um
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(b) MgO

Photo. 1. Particle Shape and Size of Filler and Hardening
Materials

Vepgich. AMFx8 34|26l QlolAls ARl E
o] = 9 IR A vEee] 7L B &
£ oggk3 nA|A Ho GEA YA v m$d
739l AR HEIe Ak EmHe) welA
A A or goafe] A3lS "3 = 37| dfl
7AxAEke] dle] & 4 qlaL, =3 (I =EFUL F4l
AZH A =HH YRR 31 o] "Hei#|7] wiiol] 4
Al Fge|ite] Aslel-g By sled F320| Aol
S A A =l o2t TAd v|FeA FARZ
ARS8 ALO= 0.635 mm~202.8 mm®] Y2 Y=
EE 7HAEAM FTYE 31.04 ume] oA 2 B
& AME31IYE NHH,PO & 9854s 4= 124
7He<t 24X 23k, MgO+= magnesiteE 750°Co]]
A Bhasled A|ZEE ZAwmpad| AelE ARSI e,
A71Fe] 10 wive &l 2A] AR dFufue] 4]
gl A7) wj-Fol] JEFFI] AFRYe] Tl JkS
ol RA] AR F|AE] Fupiie vl
14.61 um® FTUYEE 7HA= ANEF AFE-3}S



Z=x A19d 253 (1999. 10)

=) "1 T oz 31
Gl s

5} — 421 -

3]

NH,H,PO2}2] wkgHHe] yloiA =% 3. AlLO,
¢} i FAAE AMEE 705 S WEE
B2} R85t HE o]Eelol(Y,0,) HEE A2 3o}
£ ARSI bl A 23l 1,000°CTEA ol A
monoclinic — tetragonal®. fHEEFE3]= vbd X3} %]
23U ol= Ca0, Y,05% Zr00l 48k 31847 =)
B2 ARg|A 32411 tetragonal® EAsl= 70|
EA]ole}, B dTolA duir|2 3] elr) o qFA st
A2 olg AMEEE o] Alel|M AP olE <lst
S 3] oE GFAS WRE] fldelH, BlelE
o] uhgAlo] UNIR|EF ot} pdirial YA
A7) wFo] e8],

3 Fx24 F£0938= ASTM Grade-12] CP-
titaniume 309 X 16 mme] 7|2 Azt I s}ivt.

2.2 »#4HY

Table. 2o Z}7ke| 735 o elelaate] 22 -3
Al SRS SR HE wEAe 2AE
VRl S]] A3R7), FeTe] oY 7]
Z) BAo| Aol o= g Ao of3ks vl
RAHER, ZE Aol dsl @3] 20°C, A&
& 23°CE ARSI SAsINH. A3 o2e =2
AME3lgEd NHH,PO2F Mg09] BIZF 10:10Y o
7P A #5485 veERE vEsl wiEX] 100g%
17 mlE ¥o| impeller mixerclld 187 &8st o
Al ZFEFE7)A 183 2.

Table. 2. Composion ratio of each investments

(a) Composition ratio for hardening behavior test and castings
surface test

Sample Composition AlL,O, |INH,H.,PO,; MgO
Name (wt%) (wt%) (wt%)
A 6 14
B 8 12
C Contents 80 10 10
D 12 8
E 14
(b) Composttion ratio for metal-mold reaction test
“mame (Compositon (3 | oo | o | outo
F 80 0
G 64 16
T Contents 28 %) 10 10
I 32 48
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Fig. 2. Schematic diagram of Plasma arc melting furnace
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MgO 10%” at each temperature
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Fig. 5. Influence of NH,H,PO, vs. MgO composition ratio on
setting time and temperature
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Fig. 6. Influence of NH,H,PO, vs. MgO composition ratio on
compressive strength at room temperature and after
1,000°C heating
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Fig. 7. XRD analysis of various composition investments
(NH,H,PO, vs MgO) of room temperature condition
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Fig. 8. XRD analysis of various composition investments
(NH,H,PO, vs MgO) after heating(1,000°C)
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Photo 2. SEM image of Ti-castings surface as a various composition ratio of investment(NH ,H,PO, vs. MgO)
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Table. 3. WDX quantitave analysis of castings surface cast in Pure Ti with investment of various composition ratio(NH ,H,PO, vs.

Mg0O)
Element wt%
Sa%%{ﬁﬁ?ﬁjpo4zl\dg0) O Mg Al P h
A (6:14) 50.52 14.92 30.43 1.39 2.74
B (8:12) 40.11 9.38 41.62 1.74 7.15
C (10:10) 18.60 1.32 0.40 0.09 75.59
D (12:8) 20.08 0.04 3.19 0.60 76.69
E (14:6) 13.81 0.02 1.15 3.78 82.24
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Fig. 9. XRD analysis of remaining MgO in various com-
position ratio after heating(1,000°C)
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Photo. 3. SEM image and WDX oxygen line profile analysis of surface oxide layer
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