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Abstract : In this study, we have intended to control the properties of surface reaction zone generated between pure titanium
and oxide investment moulds. Commercially pure titanium was centrifugally casted and silica - alumina based phosphate
bonded investment was used as the mould material. The effect of cooling methods after casting on the surface reaction zone
and mechanical properties of casts were investigated. The resulting casts showed the multilayered surface reaction zone
regardless of cooling method. Especially, water cooling method produced the titanium casts with thinner surface reaction zone,
weaker strength, and higher elongation properties compared to air cooling. It can thus be known that the resulting casts had
satisfactory mechanical properties as dental materials. From these results, the cooling rate dependence of interfacial and
mechanical properties can be attributed to the diffusion of oxygen from casting environment, which control the reaction of
titanium and mould.

Key words : §815(CP-Titanium), 287} - 39 F3 A (Silica - alumina phosphate bonded investment), ¥4F324% (Centrifugual
casting method), ¥4 (Cooling method)

M =2 4 e 5, 3%, qds A8 Aokl €82
olug}, $-% AARSA, It HA T F A
Helg @ 1§59 $48 7AF S uRESE B q = 19409 e AAE F54

= BE
Aol o] Fo How, 1960 dThT
AZHE Q2N ZA o) g¥ugl

= ©H

f

BoayeE 2003dE IItiety sted o] APl o8 =%
o), ol ZAE =Yt

5:],
g‘l_l_i_
el g o
A
Bl
EAA7 A7, (908 BE XA UT AFF 601 -]er% F/]E]-—‘gxﬂéb za zZzAAYE o)gHn 9o

AL Q [¢]
o o e h o FzAE YAR AEe PUSA L7HN OFP
Fyo]Akulo] o B 7j&d 2 = .,

Tel. 054)223-2372, Fax. 054)223-2375 Bl 2717 Ao $A7 gren 59 338 HAER, 3

E-mail. ikeeju@hanmail.net 132 ¥ (lost wax investment casting) &2 THe oA 9l



376 & 7 AT - A7FE - o1

Table 1. The composition of the silica * alumina phoshate

Temp. () Po bonded investment (Certified by the manufacture)
- 2 - — -
0 o 500 1000 1500 ' materials composition ratio (wt%)
AG&‘ -1 SiOy 55-75
Al203 10-25
MgO 5-10
. NH4H2PO4 5-10
5
w
-~
- 10 x 10 x 5.0 ™7 block type
§ Wax Pattern 25 x 1.2 x 15 plate dumb bell shaped type
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; Investing Silica ¢ alumina phosphate bonded investment
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Y+ 027 Casting vacuum argon centrifigual casting machine
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Fig. 1. Elingham Richardson diagram{8) OM SEM/EDS MVH TT
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Table 2. Chemical composition of as-received GradellCP titanium (Certified by the manufactuer Kobe Steel)
element C H 0 N Fe Ti
composition wt.% =0.009 <0.0024 =0.121 <0.0071 =0.047 bal

Fig. 8. Optical microphotograph of as-received ASTM
Grade Il commercial pure titanium

Fig. 4. Optical microphotogragh of Ti casting after diffe~

1. EOUIZE I} OJM=E rent cooling method
a. water cooling b. air cooling

%22 19 3o 88 2FL02 AMEE Gradell CP-Ti c. water cooling d. air cooling
o) 24 2 nAZAL el Ti AR 7| zRe A. Reaction prgducts .Iaver' B. «a case layer
oF somarle] BEA 274 olaidh e} o izl g ;ayer containing Sl, P rich phase

. Acicular or plate like crystals

A A gl dFu} FHAAA F2F TiFEAE 1 E. Large grain crystals
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Fig. 5. SEM/EDS mapping and line profile for Ti casting
after air cooling
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Fig. 6. SEM/EDS mapping and line profile for Ti casting
after water cooling
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Table 3. Mechanical properties of titanium casts depending on different cooling and milled method

Cooling method YS(Mpa) UTS(Mpa) EL(%)
as-received 280 340 20
ASTM B367 C3 379 448 15
. mechanical milled 294.02 484.87 9.75
Water cooling ) . .
mechanical and chemical milled 405.77 571.51 12.13
) . mechanical milled 391.44 515.94 9.28
Air cooling . , )
mechanical and chemical milied 440.06 594.37 11.72

Table 4. Comparison of the microvickers hardness at the surface reaction zone depend on the cooling method of Ti

casting body

Cooling Reaction a-case Si,P rich aircular large grain center

method product(A) (B) phase(C) crystals(D) crystals(E) (E)

Water cooling 361.9 863.3 807.2 346.9 175.7 169.3

Air cooling 183.3 706.3 665.0 435.7 217.9 188.1

Table 5. Mechanical properties of dental casting gold alloy(13) ( ): age treated

Gold based alloy type YS(Mpa) UTS(Mpa) EL(%) VHN

1] 200-240(290-310) 400-450(510-550) 30-40(12-22) 120-150(150-170)

v 275-310(480-510) 470-520(760-7390) 30-35(6-7) 150-170{220-250)

rich phase(C)Z7tA & #A73t A HA(mechanical and chemical A 4k 2 BeEEito] U sl olFdd HEHYN

milled)S AF}EE 0.72mm/min 23te] 7|AH EAHE =2H Y9 A AR ZoF AHHOZ FatHelr] wiel

9o 1 Ang ¥ 3o vehdidch £ Y 2 3y Ao g A drt

FxAY RHOTHREY HLE Z 9k3-Fo diskd 100g 2 AdoA FxA YA 54L& o B TS

load= 157 7Itsle] A AAE X 4o dehliglg, F AN TARSSo] s AAHE ARy FA

%23 24% ElebE(as-received) 2] AAZE: 340MPa, A2 nEETe e d&d otk e BUHvAH R W

& 20%E o] AL v|=AYAY A AS5ZE Typell # T AEEA FEAA 89" AdAv BHoRYYH Uiz

sherel R cHE 5)[13]. 2 AP Wz o FwaA kel o3k Aoz SEHVINA i, Fhe HY B F

7AAR 4 sEHAE s 49 AdFAE=E 500MPa, A& ZA FHAY wkgol g EEEY Aol v|dstn, F2A

9-12%= Type IV #%3d g9t Y2gyyd funs2 Wztgz el Afolo] o3t Roz Ak i B dFoA

of gAY & FFgY Aol THEWEEY EA AHEE FYA Hegt AEL E8EEwY SaFE HA

g Az FPAt] ol o) Algel Ak, AT E TEEA G a case 9 FEUSFE(TIBSB)O] F24 13

TE A g% Aoz JAA FAdo] Aozt v Ao A AGEE AL FAoM[7], 53] « LAY Al W

Z Mgt g g AAFTEA oot RAHE oz FAHE] HAHA
F 34 & 4 QlyT upep 2ol FYAESTE Fol nE) 3 of =ghe] oX7t gloj[14] wEF e Holdly o¥d F=

5= oy dAlgS Ee o vEhEY), o]Re FuA AY #EEFE AU ZAxF E Az HHHA F=E &

= 1A AT A AE BEEY Ete] Fyd HIE FH 97 AEHA A= Ho| vl st

W5el Ao Alegch wald Aol wet 54 ume FEuEES AASE A
E3 AZTE AAT 7 §-(mechanical milled)7t B 2 C& & Fz AUE BEAME =99 dgdol AAY BEE

A AAG 7 $-(mechanical and chemical milled)ol 13| s Z=zA e AN EA AARAEE Jm gk n

7= 3 dAXNgo] HAF ELd o]AS mechanical milled ARAo 7 gty

B BT & B 9 CEol Heksly]l died Aoz &y

Ak olela AMe EolA] JE vadEE W) uy 4 =

NG F WA o] AHoeRr Holx BeE Zitel

gobs Aoy AoyEE FPFLI Tl HiE maAEst Hebg 43 71ANSAT A4, nuds, WA

AT Y o caseF(B) R Si, P rich phaseZ(C)oll A= 2 B gg Agdson <l xiel A Elekse F

B R WA ARt Bod|, olsle FYolM suw o Z7b ZuEa Q= FAo|th FAE shHo] HHstn, 7+d
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