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Abstract

Titanium is a relatively new metal for cast dental prostheses and has been
used for crown and bridge, metal-ceramic restorations, and partial framework.
Titanium is high reactive and oxidize easily at high temperature, resulting in
the technological difficulties in casting it. During casting, the greater adhesive
phenomenon was obtained between titanium surface and the investment; and
the surface and mechanical properties of the casting became poor. In this
study, the zirconium oxide was applied with coating technique. To analyze the
element diffusion and surface reaction layer of titanium castings.

The mixed slurry of zirconium oxide powder and commercial Begosol®
(100% and 50%) liquid was coated on the wax pattern respectively, and the
commercial phosphate-bonded investment was invested. The commercial pure
titanium was used for casting. The commercial magnesium oxide investment
was as control. The surface of castings were observed and analyzed by OM,
SEM, EDS. The Vicker’s hardness test was performed and the results were
evaluated by Two-way ANOVA.

The results show the obtained castings from experimental groups were
non-defect and intact. The coating material and mold was removed easily.
The results of HVN shown: the thickness of surface reactive layer was about
150um, there was no significant difference with the control group. The layer
structures of casting (the outer sintering layer, «-case layer, and inner
acicular structure) were observed by OM. There was not element of the
coating material and mold detected on the surface of castings by line scanning
and mapping, and aluminum was detected obviously on the surface of
castings obtained from the control group.

In this study, the used coating material applied to titanium casting can
obtain good results of reduce surface reaction and avoid elements of mold
diffusing into the surface of titanium casting.

Key words: Ti, zirconium oxide, coating, casting, phosphate-bonded investment
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2-3-2 3“2
Mueller HJ.[40] (1989) & ipl& fémift s & & M4 2 — f6 9 S hF
L4 e @4 > Wz L 4F (calcium chloride) 2 # p«4r (calcium silicate)
FE e B R ZRFI* & (45 (calcium chloride) fe &
FLERY BT H e B PHCRE > P SEd FhREDE V48
BHFER F Bar v b gie > FlR W g irid S IR T A 4p
GRSV D H/J vt Blde kAR § o0 BFe BOPIET 393 @ i
R R R S el RN & el s AL S 1 R o - 2= SRR
A B ARE LT > HNERPHBRDTE > T4 A

Sk k& okl g R P R a0 SR F AR ol R [41] -

==
ol
Il

A=
)

# 3 FF I ppadr (CaHCOs) & ¥ 4o B A Wik 2
BUDIRRE IR E V4TS T - AR SAE T 2T e m
P[42]o @ 5§ ATR X L Bl e~ 5 4
sl > g (CAEfe S F VAT E UL 2w § (VAT B dR TRk
o gt bF Bk B RBIEN BABIRE L ¢ AR - ke R
WEEF A NI f o frigEd b o R R E E e L [43]
Nakai [16] (2002) B #-gfeq#fd4e » & (47 (CaF2) % *4LgH A #F
AT R 0 MR h B R F BOBIERCL ¢ MHWWIEE 2 TR R o

Luo[4] (2002) fI* # pass (SIO; - ZrO;) #ha+fisfese (Acetic

ot

(ﬂ

zirconium) g HL R AI A e 0 B B AABIE R X
@ mWang [17] (1998) RIf* 7 G el f e B2 g % 3 L fhE &
REFHR  BFEFRETFREER YR CDET > RDVEZEIEF F ~
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3-1 H#
AR ERATR Y AT A
(=) # R

# & ¢ % v 4 (Zirconium Oxide, Showa, Japan) (B8] 12) » # = i» 2 &
4o 11 -
% 8 - BegoSol® (Bego, Germany) (B8] 12) > 2 BEGO ¢ 32 443lz ;4L
TR AR e U G m4kpe W 100% 2 50%= Rk R v
bl > (FLg B2 &% R i £2B100 2 B5O o
(=) A& i
i pipa @ % ¢ 1244 Bellasun (Bego, Germany) (®] 12) > ¢t fa = 2244
RRBHREEZRIMEBY (752 T M) HTR Y o R R
8 5 BegoSol® 1 v jEd RHMERAFHWIES - HIFE L F40k 120
(=) ¥pPelettt
E AL F V4% k¢ 1t (Titavest CB, Morita, Kyoto, Japan) - f #i
CB- # % * ;& % Titavest Spinel Liquid (B 13) > ¢ ¢ o4 H 1 § L 482
FRELAERAH TR NS EFEAELEEZHIARABY (7 F2
7 i) &g B AR T AcF] 14 -
(r) &322 4485
JIS H42 = & 4x (Dental pure titanium A, Morita, Japan) (&) 15) » =

>z & : Ti:99.66%, O: 0.15 %, others: 0.19% > # £ & ¥ 5 10 = 5 o
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Fl* = B F (Paraffin wax, Perfect Dental Mfg Co., Ltd., Taiwan) > %
FERE1I0RK ~-FTARL0EE ~ER LT RN 335 T 44 E & 3.0
Jo ¥~ £ B 5 E K 2 45 ¥ (NO.40085, Bego, Bremen, Germany) ; f #-
o P ARE TR & 3] E (Sprue former) oo P EF A RIERGEE S

~ (B16) > = 2fc® 5 3 (N=3)-

3-2-2 % (F5%x)
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B Aulrs 1003 2 113 200 b > U * $7 LA L0 g Rk 5 2R 1
BH B EEI AR LA (BIL17) T#Ed ZEEBEY -

BT 38 R A F R AT B iR R (Ring) AL - K F A
48] 16 -

3-2-3 ¢tk &1

FHBME A Mg 6 P LEpA ™ i ¢ 1244 Bellasun 2% 48/
> % vt (Liquid / Powder ratio) 5 0.24 2+t &) » 215§, 7 & * B
Z #3148 (Prodent Lab. System, Taiwan) i& {724 4% 60 ) > 22 (s 5] » 453
. ¢ o #4EHC (Mold) # % 60 ~ 45 -

3-2-4 4o 3 u RS
AR () 18)E »Hh¢ o kMR LA A B TC 2 BiRi
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b1 s R 2 5

ps

SKglem’z &+ » EEFE Y ch- G T A AIL L BH B T4 e R
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BAzF R EZFE P ¥ 48930k & #1; (Long—Curing Epoxy Kit,
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Leco Corporation, Michigan, USA) ¢ ; FH & it » £ J* gt v 57 L F) 5
(3M,St. Paul, Minnesota, USA) 12 p & # =% (Ecomet 3, Buehler, England)
2 £ 977 B8 (Metaserv, Buehler, England ) & 10055 B 4287 B > 3524055 -
32055 ~ 400%% ~ 60055 ~ 800%% ~ 10005~ ~ 1200%5: ~ 1500%% » i * ek

#1203 UmF it 4B Pk o

3-3 A &Rl

FI* < A R Pl:E & Vicker’s hardness tester (HMV2000, Shimadzu,
Japan) (] 20) &7 % o & BpIE > L 100 soehd & 5 (8% R 5 15
fp2oiEt s Bk AR o d G e i nEIF
P 50 um 2 jEdg » AaEd 3R 3 500 um 2.7 & - ¥ & PR P EF
= RPIEE e
3-4 XRD ~ % & 7
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BACEF 2R REIF R B2 P F 0 R SR BREE R
s Fske BIOO HLRHAE o Mk > 1% X k¥t Xeray
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microscopy (BH2-UMA, Olympus, Japan ) gL z45: 4+~ & o F & 2275 ik %

-

3-6 SEM % EDS4 %

BPrLis 2328 0 I st =+ Bt Scanning electron
microscope (S-3000N, Hitachi, Japan) (B]22) % it & %z # &3 % (Energy
dispersive spectrometer) & 4t4xéEd 2 2 3 PP H F2 N 0 BF A

M
FRHATANT O B fEER G F REERZE R Ao

3-7 A4

FI* g ANOVA 2 el RPIEEYy "V EARF A2 4 3
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S X kS REFAZ AT d A48 % ¢ &7 Bellasun &3 & =

2= % it# (SiO,: Quartz) - BegoSol® 48+ 7 3 # (Si)~ % it
4EE F LR 2 it £ % (ALSiOS(OH)) ~ Fipt 42 (AIPO,) ~ § 1 47
(Ca0) ; 4c#rfs pIvw BT = § i # (SiO, ; Cristobalite) - @ ¢ 2% % B100
gk |k e B8 2 S B iS5 XRD A5 1 G AR I i o T R LB T
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4 PR > @ CB PR ~ LA (B 27) -

4-5 SEMZ EDSA 44

fI* s 4% (Line scanning) % Mapping 4 17 5 #f #) fd® e & e 3
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21 ARG P L2 KA APIPT

22 4% Titanium IR —‘F*,‘ Gregor 1791 X &2 & M3 Titan B4 %
l S 0O, Ve 3 2
H R+ € 4790 5 Bh|§ 14 2L(C) 1668 | 3287 #% E 5 (W/mK) 22 y
H He
3| 4 . S| 6|71 89| 10
R+ & 28102 k=% 9 B
Li || Be B C|NJ|JOI| E/| Ne
1) 12 ) 13114 | 15 || 16 || 17| 18
g 3d2 i€ 455 ]
Na | M Al Si || P S |Cl| Ar
19| 20 (|21 || 22 || 23 (| 24| 25| 26| 27| 28 || 29| 30 || 31| 32 || 33| 34 || 35 || 36
Ki{Ca|Sc||Ti|V|Cr|iMnlEe|Co| Ni|Cul Zn|Ga| Ge]| As| Se || Br| Kr
371 38 |[39(40| 41| 42| 43|44 || 45| 46| 47 || 48| 49| 50 || 51 || 52 | 53 | 54
Rb | Sr || Y || Zr||Nb|[Mo| Tc|[RufRh| Pd|Ag| Cd|In|Sn | Sb| Te| I | Xe
55| 56 || 57 || 72| 73| 74| 75|76 || 77 || 78 | 79 || 80 | 81| 82 | 83 || 84 | 85 | 86
Cs|Baf|La|Hf| Ta| W|Rel|Os| Ir || Pt|AujfHg| Tl| Pb| Bi|Po]| At| Rn
87 | 88 || 89 ||104|105|/106|/107|(108|/109 | 110 || 111 || 112 || 113 114 ||115 116 |117 |118
Fr || Ra || Ac||Rh||Db| Sq || Bh| Hs || Mt ||Uun| Uuu || Uub || Uut || Uug ||[Unp [[Uuh {{Uus ||Uuo
lanthanons 4@ i || 58 || 59 || 60 || 61 | 62 || 53 || 64 || 65 || 66 || 67 | 68 || 69 || 70 || 71
~%|Cefl Pr|[Nd|Pm|Sm| Eu| Gd| Tb || Dy ||Ho || Er | Tm| Yb Lu
actinons 4 ik ~| 90 || 91 || 92 || 93 || 94 || 95| 96 || 97 | 98 || 99 (/100 || 101 || 102 || 103
%| Th| Pa|| U [Np|Pu|Am| Cm| Bk | Cf | Es | Em || Md || No || Lr
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22 FEYHENIIS 2 2R AR
JSH | N% | Fe | © ;fe”:;'ti St\r(e'ﬁgjt'h Elongation
4 %
600 (max) | (max) | (max) (MPa) (MPa) (%)
% 158 0.05 0.20 0.15 270~410 1651 F 2711+
% 2% 0.05 0.25 0.20 340~510 21512 ¢+ 2311+
% 35F 0.07 0.30 0.30 480~620 34512 } 18r2 ¢+
% 435 0.07 0.50 0.40 550~750 48312 } 15m ¢+
%03, B EF 40 ASTM 2 4 2 BB F
Type Impurity limits (wt%) ':ensnti tYIekih Elongation | Hardness
streng streng y VHN
N |Fe| O| C|H| Mpa) | 02%) (%) (VHN)
Gradel | 0.03 | 0.20 | 0.18 | 0.10 |0.015| 240 170 24 120
Grade2 | 0.03 | 0.30 | 0.25 | 0.10 |0.015| 340 280 20 150
Grade3 | 0.05 | 0.30 | 0.35 | 0.10 |0.015| 450 380 18 170
Grade4 | 0.05 | 0.50 | 0.40 | 0.10 |0.015| 550 480 15 200
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S

4, £ 317 ARSI R

# 3 FH BN SRS BB R %
. Asahi
Arvatron High
Ar Pressure One room | Roentgen
PC305T frequency
(Japan)
Autocast HC-3 Ar Arc Pressure One room | GC (Japan)
i Pressure Yoshida
Castmatic S Ar Arc Two room
Vacuum (Japan)
Pressure J. Morita
Cyclarc Ar Arc Two room
Vacuum (Japan)
Pressure
LZ-2 Ar Arc Vacuum Two room | LZ (China)
Centrifuge
i Dentaurum
Rematitan Ar Arc Pressure Two room
(Germany)
i Centrifuge
Ticast Super R Ar Arc ) Two room | Selec (Japan)
(horizontal)
Titaniumer Centrifuge
Ar Arc ] Two room | Ohara (Japan)
2000VF (\Vertical)
High Centrifuge Jeneric/Pentron
Tycast3000 He . Two room
frequency (Vertical) (USA)
Pressure
Vulcan-T Ar Arc Vacuum Two room | Shofu (Japan)
Centrifuge
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Y- RN CENEE N3
A d mF 0
BS 4 § i e
¥ é ERE
B PR g
2 ¢ TRE

206 7 IR AT 45 F 1 ET 6

R

320-540| 300 | 400 500 | 600 |700-800| 900
(C)
7 4 #9 A | &% | F¢ % d = A A d
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%7 FF ¢ B4 ADAS R & £

ADAS No.2 Type I &%+ | Typell (v K 95K # Type]]I:f%j R
ity oz 0.0-0.5% - 0.0-0.4%
BE k@ - 1.2-2.2% -
A g R 700°C 500°C 700°C
" A 1.0-2.0% 0.0-0.6% 1.0-1.5%
BEWERS 1.3-2.0% 1.3-2.7% 1.2-1.9%

R 4558 B 25kg/cm? (2.45MN/m?) 12 + 50kg/cm? (4.9MN/m?) 11 +
A i pERY 5-254
AR 200mesh(74 1 m):85% 2 + . 100mesh(149 1 m):95% 1/ + id iF

%8, FApAE ¢ e ISO REE R

AN ] Type I Type I
Inlay, Crown .

ik y B 3R & &
REATEFL

w PR EE-EI £ 3 R
i cdtal 90mm 2 + 70mmis

AL 1Y pEF R 7ot B +309 14 )

FUR 55 B ** 2.5MPa 12} 3MPa 1}

S ek 1A ek

N

B &Rt

+159% 1 p

=

* L A{eBAL1B5F s 1 *

* * *

D4rg 950°C 10 °C

P A 40120 154 18
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3097 B2 gk

e i

R i\ eyl i
Titaniumvest SiOy; Al,O3 Frfs Ohara Co. (p #)
. ] SlOz,AIgO3, oo
T ) i T h : A~
itaniumvest D Z1Si0, R e 8 Ohara Co. (p #)
Selevest DM MgO ¥t fig Selec (P #)
Alumina
Selevest CB MgO Selec (p #)
cement
Titavest-pp MgO LT fi J. Morita (p #)
Titavest-ps MgO; Al,O5 ¥ kT fig J. Morita (p #)
. MgO, AIQOg, Ve g .
Titavest CB 210, fip i d J. Morita (p #)
Titan Mold S10; Al05; Kk fa Yoshida (p #)
ZrO,
Rematitan plus | SiO,; Al,Os Frps @ Dentarum (4g¢. &)
Tancovest SiO,; AlL,O5 Fhe Bego (4t B)
Tycast Mold SiO; K fa Jeneric/Pentron (£ &)
T-invest Al,O3; MgO Fhfe GC(p #)
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210, SAEF L F R ARF

S|02 A|203 MgO CaO ZI’OZ Y203
bR 60.08 | 101.96 | 40.30 | 56.08 | 123.22 | 225.81
BB %ﬁﬁﬁ]& - s =3 3 Bl ¥4
38 (C) 1710 | 2054 | 2830 | 2900 | 2677 | 2690
ek (°C) 2590 | 3000 | 3600 - - 4300
IR ik (10'6/°C)
13.9 8.6 14 13.8 |7.7~-8.1 -
20 ~100 C
R (kg/m3) 2533 | 4000 | 3600 | 3340 | 5680 | 5030
- 46.74 | 52.93 | 60.30 | 71.47 | 74.03 | 78.74
~ % v o (%)
3 53.26 | 47.07 | 39.70 | 28.53 | 25.97 | 21.26
1l 3 "k R2Z 278
Zirconium Oxide ; ZrO2
FW: 123.22 500g
Showa chemical Co. Ltd.; Tokyo; Japan
ZrO2+HfO2 ..., Min. 99.9%
TIO2 oo, Max. 0.01%
SIO2 o, Max. 0.02%
FE203 ..o Max. 0.001%
Mesh -200
Lot No. SL-3225E
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% 12. Bellasun 2 BegoSol® 2z {45 4 %

Bellasun

Mixing liquid BegoSol®
Processing time at 20 °C approx. 7 min,
Processing time at 30 °C approx. 4 min,
Shelf life in unopened bag 2 years

Characteristic values of the material according to DIN EN ISO 9694

BegoSol® 50%

Beginning of solidification (Vicat time) 14 min.
Compressive strength [MPa] 7
Linear thermal expansion [%] 1.32
BegoSol® 80%

Beginning of solidification (Vicat time) 13 min.
Compressive strength [MPa] 7.5
Linear thermal expansion [%] 1.36

4% 13. Vicker’'s #H B Bl S %

i %5 ER (um)

&% [ 50 | 100 | 150 | 200 | 250 | 300 | 350 | 400 | 450 | 500

490 | 318 | 195 | 198 | 231 | 208 | 203 | 203 | 202 | 213

B100 (97) | (69) | (27) | (22) | (36) | (26) | (31) | (38) | (24) | (40)

509 | 325 | 244 | 200 | 218 | 221 | 207 | 227 | 217 | 208

B30 (36) | (39) | (47) | (20) | (24) | (17) | (24) | (14) | (21) | (13)

553 | 351 | 224 | 211 | 186 | 202 | 211 | 212 | 208 | 198

cB (37) | (50) | (34) | (30) | (25) | (27) | (31) | (32) | (20) | (12)
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mAuRE (MP) fFRE &) EERER Y
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&84 % O m——— — —
TR o ——— -
IR ) =
Ni-Cré\ﬁ (Eﬁ%ﬁwm) ................................................. ) 0]
Co-Créy s (SRR [ e P
Grade 1
Bl [Grade 2 ==
Ti-6Al- 4V &% frmmm SR o

Bl 7" & h Ly

i S

{(eND

1,000 7 50 500
pd
800 40 #E 400
A BN P P
100 3 90 —~ 20 /
200 < 10 A 100 "
0 T \ gy
0 02 04 06 08 1.0 0 02 04 06 08 1.0 0 02 04 06 08 10
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int

FIE

Ring &Ti ingot Air out Arc melting
set up Vacuum
lUJ
Q%)
|
Arc melting Air out Arin & Air out Finish
Air out Crucible separated centrifuge

3. scibig b2 5 7 LW

a-cristcbalite f-cristobalite
8I-0-81 hond angles are 140° S5-0-81 bond angles mre 180"

B4 o & 4 (Si0y) 2 f B2 £ %
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EXPANSION - %

pR%E_870C, piR%E 1475°C g {iy+ 1700°C giARy+
§160°C

1 t
| 573°C aalici] 7aE | 220°C
l $105°C '

o BE o A o Bt

BI5 - § @2 B

Cristobalite

700 °C
212 392 572 752 932 1112 1292 °F
TEMPERATURE

B 6. - 5 "7 2 #OLES @
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CaSO,+ 4C Z5 CaS + 4CO,,

1300°C

CaSO, + Si0, = CaSiO; + 505,

Bl 7. FRpldr A 2 F fi st

160C
NH,MgPO, + H,0 +NH, |

300~700C |
Mg,P,0;,
1mmcl+hm0

Mg;(PO,),

W8 Afe @ ke lmiz 1 BB REF

mSiO, + nTi — aTiO, ; + Ti(O) + cTiSi,

Ti + Si0, = TiO, + Si

TiO, + Si — Ti(0) + TiSi,

>

2

Bl O RAELE - F MPEMS2F RN
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{Keal/mol O3z}

aGt

F10. 2765 4253 iR f o i 20 B B2 M 14

Coating material

Investment

B 11 RS2 & R
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B 13. Titavest & 1244 2 & * %

r
§ 1.5=
i 12
o
SRR B
2
ey 0.3+

.,_
[=]
W

|

e 0.0
el V
| — T T T T T

T T
1 200 300 400 500 GO0 TOO &0 SO0
Temperitwe | Temps

Congracton | Rvestinent

] 14. Titavest # 32 1 2 fciE2 IR W 4
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Bl 18, 4c#ud i s 2 9 5% wdEH

Bl 19. 4o # 4 o & 2 F % AR
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B 20. &< A & Pl &R HMV2000

Bl 22. #Fpa3° T+ B cdt S-3000N
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Bl 23. AW F) 22 & bkt i

Bl 24, & e SR RIL S 2 g
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[GroupName] Std [Datalane] Bellasun [Date/Time] 08-11-04 08:10: 58
2500

« Raw Data >

2000 §i0, (Quartz)|
1500 ' ' : : :
1000

500

0

Bellasum # %

[GroupName] 3td [Datallame ] Begosol [Date/Time] 05-11-04 06:15:18
200
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50

0 ||||||||||||||||||||||||||||||||||||||||I|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
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Begosol & 4 #t A2

GrouplName] 3td [Datalane] Begosol-heated [Date/Time] 08-13-04 11:09:35
2500
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2000 ! 810, {Cristoblite) . !

1500

looo

500

sio, S0y

0
10 15 20 25 30 35 40 45 50 55 60
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[Grouplame] Std [Datalame] ELlOO [Date/Time] 08-11-04 1Z2:45:40
1000

o0 —F------r- b A

6003~

400

EEEEE EEEEY
ssssdassshacsas

200

1] |||||||||||||||||||I|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

20 25 30 35 40 45 50 55 &0 65 70

B100 A 4v #t jed@

[GroupName] Htd [DataNane] BlOO-heated [Date/Tine] 08-11-04 13:42:47
1000

| $ Fau Qata >
800 Z10, ] ]
600 :

400 - !
Zv,

tJ“u"m,ﬁ.»wrﬂmmeu"W‘ﬂwth

a0 25 30 35 40 45 50 55 &0 65 70

200

B100 4 #4 EaT

Bl 26. XRD A 452 % %
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©: &K
@: «-case layer

(3): acicular structure

B 27. AefpiAgZend & 2 OM L& %

63



30

Carhon Kal 2
.
2
5
4
3
2
T T 1 Hleotin Image 1 1
S L L N I R A I R
huj L0 30 40 50 1) L0 30 40 50 1)

Titandum Eal

@ 28. B100 *f #) &2 e14 & Line scanning 4 47 % %

1 Electon Imege 1

B 29. B100 *§ #) &2 ih4 & Mapping 4 37 % %

64



0 10 2 30 40 0 & W &
Casbon Kal 2
100
4
3
2
1
r TiTeem 1 Electon Image 1
0 i
[TITTTITITITITIT] ] [TTTTT]T
0 10 20 30 4 50 @ W & 0 10 20 30 40 30 é0 M &

Titaniuwm Eal

B 30. B50 *% #) &2 ch4 & Line scanning 4 47 % %

CHal 2 O Eal

I TWam 1 Hection Frege |

@ 31. B50 *f #) A2 04 5 Mapping 4 17 & %

65



cEMEaALEaESE

0 10 20 30 40 30 60 70 EWam
Carbon Kal 2

I 10 g m 1 Electon Inage 1

T 0
0 10 20 30 40 50 &0 W E00uw
Titanturn Kal

® 32. CB *f #) &2 :h4 & Line scanning 4 7 % %

Al Eal TiEal

Bl 33. CB *f #) &2 th 4 & Mapping » 17 % %

66



