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ABSTRACT

Water-based alumina tapes for application of all-ceramic crowns were fabricated using PVP as binder that is biocompatible, highly
soluble in solvents, and no residue left after firing. Tensile strength of alumina tapes was governed by binder/(binder+plasticizer) ratio.
On the other hand, linear shrinkage and density were determined by alumina/(alurnina+organic) ratio. Composite for all-ceramic
crowns, prepared by infiltration of a glass into sintered porous alumina, showed high flexural strength which increased with increasing
sintered density.
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FAE 27)E ketone, toluene, acetone 5¢] AREET} ¥
A HEOE A=A Algte] HolZi= 71AE dAo] ¢
8l AzFAe] vlnA A FY=e glo] £2 vlAle] 9
3 Al HolzEe] AxH ot Zafv} FHoo ol#gk
2uiE9 T AHAT FAS=2E g SUEAY wiE 5
o & A=FAte] EAIFEC] AZ|EHA #3318 0]
™ AzFgo] Bolgh Al st Azt Hol= Azl #
Ao] AAZ Yk et Al 28 Az 1L H
o|Z AzLTrL VR =g FAE ATA ] AH] oF
st BgEe] £A4FTEC o8 A= SRRl AT
B dAtoaie Algte) HelZe] A AF f7]E0] A
o] 7] @5 o A4FEy 4l 28A £ polyvinyl
pymrolidone(PVP)''E Alg8] $AE AElo]ZE Az
BIH Tl PVPE vinyl pymolidone®] Y8R 3|2 Eo]
W EE 2e 34 Sl vl 2 SEiEy whs Sl A
o] vt thE 5402 HEHA g 53e 22 itk
w24 sol-gel TN f7] whgER i B A2
oAl BAAZE Y membrane #zolA] HlelE2® Algs
Bk of)e} Lok AEE o vRInE A EH Y Al
ZFNE AREE 5 AA Asieln g A= &
#Ax ALY 2E} PVPE o83 MY oz Ax
of #8t By glied B AgdaE Ay A3 A
Z5 93l PVPE o838t ¢Ful} Ho|ZE AZsE H
7t H71Ee] R 2 o] HelZe ZAIF 84 wslet &
FAT AZRFE AP vAe Qe BESAG.
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2. MEEH

2.1. PVPE L& 2 ALSEH 222 M=

2 Aol Ahgw 4Fru B2 HedEo) 3 umsl
AL-M43(Sumitomo, Tokyo, Japan)g AM&-3}%3, fuj=
SHT 45 g& ARRSIETE ATAE 84 vdAQ PVP
(Aldrich, USAYE AHestied] AEAY] B4 22
55,0002k 1,300,000tk PVPE ARA = AMEE17] 98]
80°Ce] HFol T8 7188t 25%Y] &AL A AT
B3Er} 25%E B2 A PVPE AME IAA e &
a7 dopbA] ek

PVPSl] A §E 71AE AAs7] 8t glycerine, PPG
(Polypropylene Glycol), EG(Ethylene Glycol), DEG(Di-
Ethylene Glycol), TEG(Tri-Ethylene Glycol, Yakuri, Japan),
PEG 400(Polyethylene Glycol 400), DBP(Di-Butyl phtha-
late) =& Alsldth 2 ¢ HAEERE BAHE amo-
nium polyacrylate sal(D-3005)2, SiE AMgsteE £
FAAEo] YT Fof MLy T AzAA A HolZo £
& WA3t7] 98] welting agent(P-tert-octylphenoxy-
polyetocyethyl acchold)g & =% 0.75 wi%’ =A #H
THstae.

Hae] A AFXT A2 Holz S8 =4S
23] f8te] ¢ @ 718 T oM@
(a+o)y= 0.85000141 0.9157k4] 0.0059] 7tHo= ATA(b)
s} 7hA2A(p)ye T FH|(b/(b+p))= 0.500914 0.825744]
0.0258) 7Aoo 2 ASAIZ T

22 Ho|= x=

A= 22 1807 B¢ ball millingdt ¥, =gHA
A FhEE 3719 Sule] 715l sl A== V)
EE AA) A8 t)Eke) A% A (SN-deformer 483, San
Nopco Korea Ltd)E Frlsle] BEFFL Azch o3
2RE f&l £TElE 250mpme] 4 &2 wHlsk=d] o]
o Zeje] W] Z1xAlA Be opE} Sy Fudw Bl
Al Euig]e] A=t golARE ¥X FA F 2000~
3000 cpse] A= BH7}F =HaF FAAHCE 2¥E S
30cm/min £EF £-20]E Mylar ZE 2o 9 Eol=
9] ol 09mmE AT F=E Frk Fl~=E B
o] Z= AdofA] 24A17F AFRATIIL AHLE ALGEIT.

2.3. bj2}a] Blo|=2| SMEI}

A== ASTM 74 (D-638 IV)ol 214 dog bone ¥
B2 Az" AJHE TH5A1E 7] (Instron, USAMIA 7 &
ZE S0 mm/min® FAYE W dojd A== A}
FEd AlEE 7 2An) s =AH50 B3 Axd
A Ho]lZE 35 mmX 10 mmE At =4l 37)
H 2A I 27 425 &G H XE 18mm €
AF o= FH|g AlHoZE 24 T fEE HFEAA B
AL Az AR 2d A I A BIE
=H €7F A9 27 S, o, 25, 44217 Wl
nE 2 FEEF A UsE 2T 24 FEL
Ak AHe] & A - Z ZolE micrometer?t AEHE
ol (Leica, VMM 50002 =& sle] 4slAc). &4 2
B AR AxTAE 3 Az A UE B F
FFol A7 AN F w7 2 p£E FAE S5
FEER AN 428 1°Cming £T2 500°C7F
A FEA7IZ 1NZE FAS F 9°C/mine] £=2 1120°C

a
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279 499 A¥d f8 28 AFAA Fh-#-
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30°C/min®] 522 1100°ColA 2412 FA3l] A3l
Atk 44 AFEL FE2E La,0,-AL05-Si047 7S AR

:
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Table 1. Flexibility and Adhesiveness of Alumina Tapes Pre-
pared Using PVP and Various Plasticizers

Plasticizer Flexibility Adhesiveness
Glycerine Q AN
Polypropylene glycol X X
Ethylene glycol X *
Di-ethylene glycol Q VAN
Tri-ethylene glycol O ©
Polyethylnene glycol O O
Di-butyl phthalate X X

(© : best, O : good, A

: acceptable, X

: non-acceptable)

°F & & 5 Utk PVPZL EFAE AHSE EFRY H
o)
ML.

A=
ol= 1 32H9 A3 Zash AL HoE8 & Zha
A Agsly] g8 A8 7R 7kEAE Grlsle] Az
Eﬂ°]E°1 AFAANE Table 1o A)slHEth. PVpd| E3H&

3 7EeAE fA8H JEAP0]l BFE 2 EGQJr PEG %
=9 TEG’} PEG Bt} & o 538 32=EE vjehlo
olE 7hxA= dAsiarh

PVPE AT E TEGE 7}oA2 A3 A8 Ay
Hlo| o] AL A o7=E 44 BoKs 23
= Table 29} 7t} o] z} 2A4J9] Hlo|TEL F|AH T
M8 7l o, HaA 2El 180°= HE did BA
A 5g /FoE B Z0F al(at0)=0.870, bi(bip)=
0709014 7V =78 B4 WeEpAUT:. 33 A EE A
2}e] HlolZe s gF MEtE EEY 2&o] Eolof A
B A B Fert @4 34 o= /R 5 e
olo] FHEE 4 Fof FFE YWolxA ot 2t
PABAFY] A BAE SfsiMe Olﬂi?ﬂ 2 22 24
= ¥t ojer SRS 94 B FEAE 7EFekst] o
ol Blol= ] A7IR7FERE mobxok St wehA] Ho|
) YFag gkl Aste] A BLR F, ala+0)=0.870
ZAET YFO} ko] B8 FF (a(at+o) > 0.870)004]
T A% 7bedl "oz B0 vehdo) ddiFeE &
71859 742 Qe /A4 2 FAFe] AsHY 33
A AdEE "HolZ=Re] 3-8o] ofgr). 99 "1T7]17§7]“7‘ﬂ?_] 2
A9 AaAl2] S bibp)yt UE Eol HelZe

A

L2}
B fAde BANT NTE UT ;ovﬁ Hols]
757t A3l 3349 HHA Hlol s} RaeAle B
BRITh web Q13RS A 2L 30 o) A=
9 glof Hlolzms] Jmst HRY R FOYHe] HERAZ
Teiskl AP fol2RL AYsiel @) 4719 e

Table 2. Formability of Alumina Green Tapes, as Function of Alumina/Alumina+Organic Additives Weight Ratio (a/(a+0)) and Binder /
Binder+Plasticizer (b/(b+p))

bibvp a0 | 0850 | 0.855 | 0.860 | 0.865 | 0.870 | 0.875 | 0.880 | 0.885 | 0.890 | 0.895 | 0.900 | 0.905 | 0.910 | 0.915
0500 © | X
0.600 x | x | x | x | x
0.650 X | & | 2| a0
0.700 olo]Jo]Jo]le | al x| x
0.725 olol alalolol ol al x X
0.750 A AN x X A VAN AN O VAN X X X X
0.775 Alo o | x| 2a21a
0.800 A A |l Ao O] 0] 0O x
0.825 A
0.850 A

(© : best, O : good, A : acceptable, X

FFABH R

: non-acceptable)
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Fig. 1. Tensile strength of alumina tapes as a function of the
alumina/(alumina+organic) weight ratio (a/(a+0)), where
the binder/(binder+plasticizer) weight ratio (b/(b+p))
were fixed to 0.70 and as a function of the binder/
(binder4plasticizer) weight ration (b/(b-+p)), where the
alumina/(alumina+organic) weight ratio were fixed to
0.870.
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Fig. 2. Linear shrinkage of alumina tapes as a function of
isostatic pressing temperatures after sintering at 1120°C
for 2h. The tape, whose composition was a/(a+0)=
0.870 and b/(b+p)=0.70, was isostatically pressed at
15 MPa for 10 min. prior to the sintering.

14

10F

08

Linear shrinkage (%}

0.6 + u

04+

0 5 10 15 20
Duration time (min)

Fig. 3. Linear shrinkage of alumina tapes as a function of
isostatic holding time after sintering at 1120°C for 2 h.
The tape, whose composition was a/(a+0)=0.870 and b/
(b+p)=0.70, was isostatically pressed at 80°C, 15 MPa
prior to the sintering.
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Fig. 4. Linear shrinkage of alumina tapes as a function of
isostatic pressure after sintering at 1120°C for 2 h. The
tape, whose composition was a/(a+0)=0.870 and b/
(b+p)=0.70, was isostatically pressed at 80°C for 10
min. prior to the sintering.
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Fig. 5. Linear shrinkage of alumina tapes as a function of the
alumina/(alumina+organic) weight ratio (a/(a+0)), where
the binder/(binder+plasticizer) weight ratio (b/(b+p))
were fixed to 0.70 and as a function of the binder/
(binder+plasticizer) weight ration (b/(b+p)), where the

alumina/(alumina+organic) weight ratio were fixed to
0.870.
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Fig. 6. Relative density of alumina tapes as a function of the
alumina/(alumina+organic) weight ratio (a/(a+0)), where
the binder/(binder+plasticizer) weight ratio (b/(b+p))
were fixed to 0.70 and as a function of the binder/
(binder+plasticizer) weight ration (b/(b+p)), where the
alumina/(alumina+organic) weight ratio were fixed to
0.870.
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Fig. 7. Flexural strength of alumina tapes as a function of the
alumina/(alumina+organic) weight ratio (a/(a+o0)),
where the binder/(binder+plasticizer) weight ratio (b/
(b+p)) were fixed to 0.70 and as a function of the
binder/(binder+plasticizer) weight ration (b/(b+p)),
where the alumina/(alumina+organic) weight ratio were
fixed 10 0.870.
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